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ABSTRACT 



A new variant of tho contingent-repayment loan is proposed for 
higher education* The new variant, which we call ''the Partiedly 
^Contingent Educationed Opportunity JBsuik plan/' is designed to be 
very stable (i*e/, relatively insensitive in overall operating 
characteristics to assumptions about basic parameters) and to 
economize on administrative costs, especially when applied at the 
institutional, level rather than as a program of the federal government. 

Under the Partially Contingent EOB plan, a/student borrower would 
agree, to repay his debt over a fixed -period after graduation* The 
method cf repayment would be somewhat like that of a conventional home 
mortgage- except that coupon repayments would increase each year in 
accordance with expected ability to repay rather" than remaining level 
for the entire period* There would also be low-income protection for 
borrowers: In each year, the PCEOB borrower would be given the option 
of coupon repayment (described above) or payments contingent upon hi^s 
income, whichever is to his advantage* For stability and ease of 
administration, the well-designed PCEOB pllan sets the contingency- 
repayment-tax rate sufficiently high so that this option is seiected 
only by those participants with the lowest incomes i In this way, the 
PCEOB offers mutualization of the most salient borrower risks wl^ile 
minimizing administrative costs and risks to lending institutions: 
The borrower is given protection from full repayment when his income 
turns out to be very much less than could be anticipated, pijobably 

r 

the student *s greatest worry about the "albatross" of repayment 
commitment* Because most borrowers will elect the noncontingent 



coupon method of repayment, the lending institutions can very accurately 
predict the stream of annual repayments from any graduating class. Also, 
because few "borrowers will elect the contingency option, the administra- 
tive costs to the lending institution of verification of individual 
borrowers' incomes would be substantially less than in a program where 
all incomes had to be verified. 

In this report we develop PCEOB operating pai-ameters to be . 
applied to US Medical Schools. Given the required rate-of-retum, r, 
(or break-even interest rate) an? the low-income-ccntingency-repayment- 
tajc rate, t, we solve for the reqaired coupon interest rate,- r^, which 
determines repayments for borrower^ not electing tlie contingency 
option. (Study, for example. Figure II, page 1*3 .) For the wellrdesigned 
plan the coupon rate of interest, r^, is only. slightly greater than' the 
overall rate of return, r. E.g., in Figure II, if the overall rate of 
return, r = 6j5 and the income-contingent-repayment-.tax rate is ,2% per 
.$1,000 borrowed, then the coupon interest rate, r^, should be set at 
6.1TJi, only .it percentage points higher than r. This means that the 
borrower who turns out to have had high incomes ■ in each repeqnneht 
year, and therefore has never elected the contingency option, pays an 
^Jditional .11% in interest rate in order to offset "losses" from the 
low-income borrowers. If we like, the additional .IT percentage points 
in interest rate could be- thought of as the borrower's insurance 
premium - insurance against his having income substantially below the 
average expected income of his graduating class. (The only difference 
between the terms of this insurance and more conventional insurance 
policies is that in this case the' "premium" is paid by those who have 
avoided the risk and to some extent only after the insurance period is 
over.) 



, A widespread worry about the stability of any contingent repayment 
loan scheme centers on the question of adverse-self selection by 
borrowers: The problem that students with poor income prospects might 
participate in the program with greater frequency than students with 
good income prospects. We do not see this as a problem for the PCEOB 
with a coupon rate of interest which is attractive comparei to other 
interest rates failing the borrower • Nonetheless, we have tested the 
effect of various (rather extreme) adverse self-selection scenarios on 
the PCEOB. (See, e.g. , Figures III and IV, pages k3 and 1+6.) If 
adverse self selection is anticipated by the lending institution then 
the coupon rate, r , mustri3e"higher than \d.thout adverse selection in 
order to achieve the same overall rate of return, r. r^ is relatively 
insensitive to adverse selection scenario, see Figure HI where at 
expected inccane growth rate of k% even the most extreme anticipated 
adverse selection (no participants with above median income!) does not 
Increfiuse r^ by as much as a percentage point. FrcHtt Figiure IV we see 
that the plan is also relatively insensitive to unanticipated adverse 
selection. If the lender is expecting a return of 6% (at income growth 
rate of h%) then even the most extreme adverse selection scenario will 
yield an overall rate of return, r, greater than 5 1/2% • The PCEOB is 
also stable with respect to assumptions about income growth rates 
(Figures III and IV ) but when poor income growth rate forecasting is 
cOTbined with a very extreme adverse selection scenario, the unanticipated 
shortfall in overall rate of return could nearly reach two percentage 
points. 



The partially contingent (PCEOB) is conqpared to two other EOB 
variants: (j.) The "fully contingent" variant (essentially the 
Shell-Zacharias version) and (2) the "semi-conventional" variant (the 
PCEOB without the contingency option). The fully contingent plan offers 
the greatest nnitualization of risk to the borrower while imposing the 
most administrative cost on the lender since €lL1 borrower incomes are 
subject to verification. In practice, the fully contingent plan seems 
to be only slightly less stable in the face ot adverse selection than 
the partially contingent- plan. The semi-conventional plan is studied 
as a. benchmark. It is the easiest program to administer, the most stable 
and offers no mutxxalization of borrower risk, all because there is no 
provision for income-contingent repayment. 

^ brig^ theoretical section relates the particular applied problem 

r 

to the pure theory of optimal adverr«» risk selection, a problem in 
control and decision-making under uncertainty. Also included is 
reference to administrative and transactions costs in the theory of ^ 
equilibriimi. 

Our basic computer programs are catalogued in several appendices. 
One appendix attempts to survey the recent (and very rapidly unfolding) 
experience with pilot-project contingent repe^ent loan schemes in 
American higher education. 
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INTRODUCTIQN 

We have designed a new variant of the education loan in which repay- 
ments are contingent on the borrower's lifetime incdme stream. We call 
this variant "the partially contingent Educational Opportunity Bank plan." 
It has three important properties: (l) relative stability (or insensi- 
tivity) of the r at e-of -return to assumptions about underlying parameters, 
(2) relative ease and economy of administration on a smaller-scale or 
pilot-project basis, while (3) offering much of the income insurance 
and psychological protection for borrowers provided by earlier EOB 
proposals. Most noteworthy is the strong stability of the partially 
contingent program to assuii5)tions about adverse self-selection by EOB 
participants* We compare the' partially contingent variant to two other 
variants: (l) the "semi-conventional variant," which economizes most 
on administration costs and is most stable but provides the least insur- 
ance for participants, and (2) the "ftaiy contingent variant," which 
provides the most insurance for participants, but is least economical 
to administer and is the least stable, (i.e., the most sensitive to 
assumptions about underlying parameters.) 

The Educational Opportunity Bank proposal^ has been a subject of 
intensive debate within American higher education ever since the 1967 ^ 
release of the Report of the Panel on Educational Innovation [3]. Two 
National Tax Journal articles. Shell et. al. [ll] in 1968 and Shell [lO] 
in 1970, attempted to sharpen the basis for. debate over fundamental 
issues in^ higher education finance by providing detailed economic analyses 
of and "hard numbers" for the Ed Op Bank proposal. 

The general Ed Op Bank concept, that students have the opportunity 
to contract for educational loans which may be repaid over relatively 
long periods, contingent upon the borrower's lifetime income stream, has 
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1 

"bv now become a reality on some university campuses. Financial 
pressure has forced educational institutions to set up their own pilot- 
project Ed Op Banks. 

By contrast, the original proposals had envisioned a federally 
operated Ed Op Bank which would coordinate its activities with the 
Internal Revenue Service. Coordination with the IRS would make the 
contingent-repayment feature relatively easy to enforce since the IRS 
would have income tax returns at its disposal for crosschecking. Indeed,. 

it was suggested that^ Ed Op repayments be collected by the IRS in con* 

3 

junction with the collection of personal income taxes. It was argued, 
therefore, that^ economic transactions costs - including costs of collec- - 
tion ^d enforcement - would be relatively small for the nationally 
operated Ed Op Bank > 

On the other hand, there is no reason to expect transactions costs 
necessarily to be small for independently operated or pilot-project 
contingent-repayment loan schemes. In these cases, "true cc^ies" of 
IRS Form lOUO are not available for confirmations of the incomes on 
which repayments wilL be based.^ If the borrower's statement of income 
is not to be taken on face value, costly investigation and perhaps legal 
fees ^nust be incurred by the scheme; Furthermore, independent mailings 



1 „ - ' 

See Appendix for a brief survey and history of implementations and 
attempted implementations of income contingent loan repayment plans for 

higher education. 

o 

See, Shell et^. al. [ll]*^ 

3 " 

The thought was that Form lOltO could accomodate the collection of Ed Op- 
repayments after adding a few extra lines. 

\t has come to bur attention that participants .^n Yale's JJ"" 
Kive Yale the right of receiving true lOUO copies from the IRS. The IRSwuld 
chSgelLe for each investigation. This is obviously a costly procedure but is 
perhaps less costly than we seem to imply in the text. 



and record-keeping are costly to the lending institution* If the rela- 
tively snail scale contingent loan scheme is looked upon as a test or 
pilot project pointing toward the possibility of ultimately adopting 
the principle on national scale, then a strong case can be made for 
"outside" support of administrative, research, and those transactions 
costs expected to disappear when the schemes "go national" and coordinate 
with the Internal Revenue Service. It seems to us that support of 
administrative ^ research ^ and transactions ( collection and enforcement ) 
costs in pilot-project contingent - repayment loan schemes is a proper 
rOle for the federcuL government and private philanthropy* 

The federal government and private philanthropy have so far been 
reluctant to provide such support. It is essential, therefore , that 
the Ed Og Bank be redesigned for smaller - scale application with a view 
to substantially reducing transactions costs. 

We present in this paper a variant of the Ed Op Bank which we call 
the "partially contingent" scheme* ^ If the operating parameters of this 
variant are chosen correctly, only a small percentage -(between, say, 
10% and 30%) of participants are expected to elect repayment contingent 
upon income. For this reason, enforcement costs and risk to the smaller- 
scale lending institution can be substantially reduced. In designing the 
"partially contingent" program, we retain attractive features of the 
original (or "fully contingent") EOB scheme: (l) The long repayment 
period (of, say, 20 or 30 or more years) is an- essential pairt. (We 
even consider the new feature of an after-graduation grace period. ) 



^After completing this study, it has come to our attention that the Ford Founda- 
tion PAYE group has proposed a somewhat similar plan. which they call their . 
"hyDrid" plan. See Pay -As-You-Ea^ . Ford Fouhdation Studies'in Income Contingent 
Lorxns for Higher Education: Cumary Report and Recommendations, New ^o^^* ^T^- 
Also the forthcoming NewJPattern^^ Income Contingent Loans by 
D. Bruce Johnstone assisted by S. P. Dresch, Columbia University Press. 

We understand that Duke University offers a repayment grace period in the terms 
of their current tuition postponement plan. 



(2) Expected repayment increases through time for each borrowirxg cohort. 

(3) Insurance against lov futxire income for any participant is retained, 
but in a simpler form. Only those participants who fall into what is 
expected to be the lowest few income deciles of ' - ^ -rowing cohort 
will base their repayments on income. All others pay a prearranged 
"coupon rate" per $1,000 borrowed. Unlike the conventional mortgage 
repayment, coupon repayments are not equal over the life of the loaji 
but instead increase at an exponential rate to accomodate the typical 
borrower's "ability to pay." 

Our "partially contingent" variant is precisely defined in what 
follows. Its operating characteristics are studied and compared to 
those of the "fully contingent" vsuriant - essentially the schemes 
studied by Shell et. al. [ll] and Shell [lO] and what we call a "semi- 
conventional" variemt - essentially the "partially contingent" variant 
without the income contingent provision but with the long repayment 
period and exponentially increasing repayments geared to expected 
ability to repay. 

The "stability" properties of an BOB scheme are of great importance.- 
Any lender, including the federal government, must be concerned with the 
robustness of expected rate-of-return to assuii5)tions about growth^of- 
ihcomes, adverse selection of participants j'' and so forth. For a variety 
of reasons, "stability" considerations seem to be more important for the 
smaller-scale BOB than for the federal BOB; (l) The smaller-scale BOB 
must be more adverse to financial risk than would a federal BOB because 
of its relatively small financial base. (2) Because it must support 
relatively greater administrative and transaction costs and because it 
1 

There is said to be adverse selection of participants when-the average income 
prospects of participants is poorer than that of the college class as a\hole. 
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must borrow money at higher interest rates than the federal government, 
smp'l.ler-scale EOB will probably seek a higher gross rate-of-return 
uion .' 3 'envisioned for the national EOB# This, in turn, accentuates 
the problem of adverse self-selection by peirticipants in the smaller- 
scale EOB. 

Our partially-contingent veiriant is very robust to assumptions 

about underlying parameters ^ especially to assumptions about adverse 

self-selection by peurticipants . This is another reason why the peirtially 

contingent veiriant should be especially attractive to the smaller-scale 

EOB. Since stability is also important for the national EOB (but not 

as vital as it is for the smaller-scale EOB), the partially-contingent 

vea:'iant may also prove to be attractive for any federally-sponsored 
1 

program.^ _ _ _ 

Our calculations are based on United States medical school data. 

At the time we began this study, it seemed to us that we might find our 

2 

first practical EOB applications in this area. In retrospect, this 
choice appeeirs less than ideal since medical schools as a group now seem 
to be more resistant to EOB proposals than the other professional schools 



1 

Shell [lO] shows that the fully contingent EOB has a stable rate-of- 
return with respect to what seems to us to be quite extreme assumptions 
about adverse self -selection of participants. Nonetheless, Hartman [^] 
and Nerlove [8] express nervousness about the axiverse-self-selection 
problem. Perhaps they will find our partially-contingent variant so 
stabl3 that adverse self-selection will no longer be considered an issue. 
In what follows, we clarify aspects of the adverse self-selection problem 
for it, per se ^ does not entail problems, but coupled with poor income 
forecasting, it could. 

2 

See Shell [9] and Shell [lO]. 



and even some undergraduate colleges, Tiis study stands as a possible 
guide to medical schools should they turn to this option. More impor- 
tantly, we hope this study will be of general use in higher education 
finance;"'' only the data are specific to the medical school case. 

We conclude our analysis by relating our underlying and basic 
problem, the design of an optimal Educational Opportunity Bank, to the 
recent theoretical literature on optimal adverse risk selection; see, 
e.g., Akerlof [l] and Arrow [2], optimal income taxation; see, e.g. 
James Mirrlees [?] and Eytan Sheshinski [l2], and economic equilibrium 
with transactions costs, see, e.g., Foley [k] and Heller [6]. It turns 
out that the concepts needed for our purposes are Just those touched 
upon by Kenneth Arrow [2]. in his remarks on the new theory of optimal 
adverse-risk selection. 



I. The Three EOB Variants 

We consider and compare three related loan repayment schemes: a 
•'semi-conventional" plan, a "fully contingent" plan, and a "partially 
contiTigent" plan. In aia cases, loans are made in the same way; only 
the way in which loans are repaid distinguishes one plan from the others. 



1 

This study is part of a larger report being prepared for the U.S. 
Department of Health, Education, and Welfare. The larger report will 
tabulate jail our basic computer programs. Users can test their own' 
data on these programs. When available, the larger report can be 
obtained by writing to Professor KarlSiell, Department of Economics, 
University of Pennsylvania, Philadelphia, Pa. 1910U. . 

2 • . . 

However, recent developments among medical schools such as that of 
the University of , Pennsylvania suggest that- state legislatures are 
increasingly unwilling to finance the education of MD's who do not 
practice in the state in which the university is located. Hence, the 
proposal seems to have as much u priori appeal as ever. See also 
Appendix D for a summary of proposals. 



Loans are extended to all participants at the beginning of each medical 
school year. Graduates borrow in each of the foiar years of medical 
education, while those who drop out only borrow during their actual 
enrollment years. (Assumed to equal 2 years) For all participants, interest 
accrual begins immediately and continues throughout medical school and the 
ensuing repayment period. 

We distinguish borrowers by three classifications in each **cohort/' 
or entering class: income decile, educational achievement (medical- 
school graduate or dropout), and age (25-6U years). This is the DEA 
nomenclature of the undergraduate program (see Shell et_. al. 111]). 
Thus, marital status and sex are not elements considered in the present 
study even though the incomes of female physicians are relatively low. 
However, we examine the returns of all physicians, in the aggregate, 
since at least at present female medical students are few in nmber and, 
most importantly, since female MD^s can be assumed to pursue more or 
less full-time careers. 

Since the medical student ^s income is likely to be low for a few 
years after graduation, when he is in the military or in internship, we 
vary the year in which the repayment period begins. In our computations, 
we considered at least three alternatives: 

(a) repayment begins one year after graduation (at the end 

of the first year out of medical school; this adds one' yearns 
accumulated interest - no grace period); 

(b) rep^ent begins three years after graduation (two-year grace 
period); 

and (c) repayment begins five years after graduation (four-year 
grace period). 



Tne required parameters for a program utilizing the two-year grace period 
lie midway between those of programs with no grace period and those with 
a four year grace period, and thus simulation results for that alternative 
are presented below only to illustrate aspects of the partially contingent 
variant. 

A. The Semi-Conventionetl Variant 

In this variant there is no income contingency provision. Thus, 
while no insurance is provided the student borrower, the lender is only 
exposed to risks from defaiilt and - if the lender has borrowed short-term 
to finance the loan poftfblia - risk of increases in the short-term 
interest rate.^ The borrower is required to repay his loan plus interest 
over a given period of time. The semi-conventional loan is thus like a 
conventional home mortgage, but the repayments stream is not necessarily 
level .during the repayment period. Indeed, in the examples studied here 
repayments grow at an exponential rate roughly' equal to the e^cpected 
average rate of growth of income for the borrower's cohort, or medical 
school class. 

Our major purpose in examining the semi-conventional repayment 
scheme is to compare and contrast its terms with those of the pther two 
plans. Notice, however, that its repayment terms are in some ways more 
favorable to the borrower than existing loan opportunities. Its terms 
differ from a commercial bank loan in the following ways: 

Yale is currently borrowing on a very short term basis - semiannually - 
to finance its "Postponed-Tuition" loan program. 
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- the borrower gets a longer repayment period (twenty to thirty 
years after graduation) than currently available from commercial 
sources (five to ten years after graduation); 

- the borrower has the option of a "grace period," i.e., delay 
after graduation before beginning repayments; 

- the borrower's repayments will grow over time roughly in accord 
with his expected income^ growth rather than being maintained at 
a constant amount. 

The first featxire malces this repayment scheme closer to that of a home 
mortgage loan than to a normal bank loan, while the third feature allows 
/repayments to grow roughly with average cohort incomes, reflecting 
ejected ability to pay. 

^« The Fully Contingent Programs 

Under the "fully contingent plan," the borrower agrees to pay in 
each of the years of the stated repayment period a fixed fraction of 
his income in that year. To lessen the impact of adverse self-selection, 
an opt-out provision is included in the fully contingent plan: no 

borrower \*ill ever repay more than principal plus interest calculated 

1 2 

at the annual rate R, the opt-out interest rate'.* The plan analyzed 
here and applied to medical education is the same as that described in 
detail and applied to undergraduate education by Shell et« al. [ll] 
save for: (l) inclusion in this study of a grace period in which 
repayment-taxes are not collected, and (2) equal treatment in this study- 
regardless of sex or martial status, while the Tondergraduate study 

1 " 

• Making " fully contingent" something of a misnomer. 
2 

Adverse self-selection occurs when those with poorer income prospects change 
to participate more frequently than the members of the class with higher 
income prospects. 
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provided for special tax-repayment treatment for married wcanen. It has 
been shown in Shell [lO] and replicated in this study ^s results that 
the fully contingent plan, with the opt-out provision, generates a rate 
of return which is quite insensitive to unanticipated adverse self- 
selection* 

C. The Partially Contingent Program 

The partially contingent program, which can be thought of as the 

result of merging features of the semi-conventional plan with featiares 

of the fully contingent plan, will be the focus of much of our analytic 

and empirical investigation. The partially contingent scheme allows 

each borrower, at the end of each (annual) repayment period, to elect 

one of two alternative repayments: t multiplied by his current income 

y, , (TYx),or the "coupon" from a semi-conventional loan repayment 

schedule. (Both t and the "coupon" are set for a $1,000 loan; larger 

loans increase t and the "coupon" proportionately.) We expect that 

low-incc»ne earners will choose the former, and that those in higher 

deciles will opt for the coupon, so that the physician's repayment 

(per thousand dollars borrowed) in period t, P^, may be represented by 

1 2 

P^ = min (tY?:,.C^), where C. is the coupon repayment in period t. * In , 

t b t ^ 

this program, t must be set substantiedly higher than that of a fully 

This is a conservative assumption. Documentation would be retjtiired 
for contingent repayment* To avoid the effort of documentat^i;^V ^ MD 

close to the margin (where tY"' = C, ) coidd be expected to choose coupon 

i ^ 

repayment even though tY^ ^ C^* 
2 

To protect against possible ambiguities, we will follow the convention 
that year of repayment, t , will always be relative to the beginning of 
the repayment period itself ( after the borrowing period and grace period. ) 

er|c 



contingent scheme earning a comparable rate of return to guarantee that 
the income-contingent repayment option will be elected only by those 
participants falling in the lowest few income deciles. 
' Why is "low contingency" desirable? The coupon program is very 
simple to administer, whereas tax repayments require both verification 
of income tax returns and individualized computation of tax. Hence, the fewer 
participants who elect the income contingency option, the lower the 
resultant administrative costs will be. Among partially contingent 
plans yielding the same overall rate of return r, the required rate. of 

interest r of the coupon schedule is inversely related to the repayment 
c 

tax rate t. Decreasing t decreases the dollar repayments for individuals . 

electing the income contingency option and thus increases the frequency 

of election of this option. Therefore, if x is decreased, ceteris paribus , 

then r must be increased sufficiently to offset the loss of revenue from 
c 

lower individual repayments under the contingency option and from increased 
fr.equency of election of this contingency option which allows the par- 
ticipant to make a smaller payment than is required by the coupon option. 

As r approaches r (from above), x must become very large to choke off 
c 

election of the contingency option. It isinfeasible to set the coupon 
rate of return below the overall rate of retxirn (r^ < r), ' 

On the other hand, if x is relatively large, then r^ will be rela- 
tively insensitive to a change in x because of the low frequency of 
election of the contingency option. In designing the "optimal'^ partially 
contingent scheme, the overall required rate of return, r, can be thought 
of as exogenously given by, say, the lending institution's cost of 
capital. There is a set of x. and r that are compatible with the given r. 



/ur.ong these feasible (t, r^) pairs, the policy-maker will choose x to 
\e r iff leiently large so as to limit expected frequency of election of 
the contingency option to a manageable level from the point of view of 
the lender's costs of administration, Since when x is high fewer elect 
the contingency option, high x's tend to make the program relatively 
insensitive to unanticipated changes in structure, e.g., changes in the 
rate of grovth of incomes or changes in the pattern of adverse self- 
selection. However, the higher x, other things being equal, the less 
income insurance is afforded participants. This then is the trade-oir 
for the policy-maker: the higher x, the greater the stability and ease 
of administration,but the lower the income insurance protection afforded 
^©'participants. 

It is our feeling that a well-designed program has the following 
approximate characteristics: x is sufficiently high so that only 

the lowest few deciles (say the lowest two or three deciles) elect the 
income contingency option on anything like a regular basis and thus (2) 
the coupon rate is not very much greater than the overall rate of return. 
In practice, we focus on programs in which the difference, r^-r, is 
roughly between 1/10^ and \%. Such programs, it seems t o us, provide 
much of the most desirable^ Income insurance protection provided bjr^ the 
less stable and more costly^to*-administer fiaiy contingent plan. 

In judging whether or not a repayment commitment can be ian "albatross 
around his neck," the potential borrower is most likely to focus on what 
would happen to him in veiy low income situations. This may be especially 
the case for the borrower from a low-income family. Such a borrower may 
be iinfamiliar with the high incomes available to members of his profession 
and may be particularly naive about financial arithmetic and the "miracle 



c 

of compoxmd interest'* as it applies to expected income growth. It seems 
to us onai. ir.surance of the fonn 'Vou need never pay more than ^ P^^ 
cent of your income for each thousand dollars borrowed " should provide 
very strong psychological assurance to potential borrowers .^ 

II. Calculations 

A. Semi-conventional loans 

The most important single parameter for the semi-conventional 
program is the interest rate or rate of return, r. Since this program 
allows no income contingency, r can be also thought of as the coupon 
rate of interest, the overall rate of retiarn, and the opt-out interest 
rate, since all these rates are the same in this simple program. The 
semi-conventional loan is fully described by specification of the 
parameters: r, T, t, and y. T is the length of the repayment period, 
t is the length of the ^grace petibd; after graduation in which repayments 
are not made, and y is the prespecified constant annual rate of increase 
in repayments. 

• For exajnple, when T = 25 years, t = 0, y = lOf^,. and r = 6%, the 
starting repayment per $1,000 borrowed would be $31.56. The effects 
of the grace period are substantial, since interest accumulates con- 
tinually. When t = k years, the initial payment rises to $1*0.57. In 
both cases, this starting payment and the remainder of the repayment 
stream are like coupons in a booklet for a mortgage loan - except each 

\e are aware that important questions of psychological fact are involved 
here. We urge study of these questions. At this time we put forward our 
strong a priori beliefs about the role of risk aversion in the student- 
loan' participation decision. 
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' s.yment is larger than the one pre.-3dinz. To illustrate the effects 

. / : i .i -epa^ments, we drop v to zero - all payments are thus equal. 
For the above two grace period variants, ceteris paribus , when y = 0^, 
the respective starting (and all succeeding) repayments are $9^.13 and 
$118.5^. Over 25 years, the MD would pay over $600 extra in interest 
for the privilege of a four year grace period, per $1,000 borrowed, when 
all payments are equal (y = O). To compare these repayment schedules 
with repayment terms more generally available today, if the repayment 
period (T) were shortened to ten years, with y = 0, t = 0, and r = 6^, 
repayments would be $158.96 per year per $1,000 borrowed. 

Tables l(a) through l(d) present the cash flows resulting from these 
four parameter combinations in the semi-conventional repayment plan. 
The parameters which are operative in each plan are outlined above the 
cash flow table, all parameters being held constant except the starting 
payment, which is solved for by an iterative process. These cash flows 
also illustrate our basic experimental design: 

a. 100 borrowers (91 graduates and 9 dropouts) 

b. $250 loan per year for each borrower 

c. Graduates borrow k years, dropouts borrow 2 years 

d. Mortality considerations - see Appendix B (note slight decrease 
in dropouts^ repayments from 1976 to 1977 and continual 
decrease in repayments for grads and dropouts from 1978 

on - in the equal repayments design, y ^ 0%) 

e. Repayment period (if no grace period) begins immediately after 
yefitr of graduation or of dropping out (thus drop-outs start and 
end repayments two years before graduates) 
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It is instructive to note. the starting payment and maximum outstand- 
ing debt in each of these four programs for the above group of 100 borrowers 
entering medical school in the year I97U: 

Max Outs Debt (Year) 



t 


1 


1 


starting Payment 


In Thousands' of Dollars 


0 


25 


0% 


92.73 


110 (1977) 


k 


25 


0% 


118. 5't 


136 (1982) 


0 


25 


10% 


31.56 


138 (1988) 


k 


25 


10% 


1*0.57 


nk (1992) 



Of course, equal repayments (and thus high starting payment) with no 
grace period require the least outstanding debt, as bank receipts begin 
reduction of principal immediately after graduation (1977). It must be 
stressed that all four programs yield a 6% return over the 25-year 
r repayment period, only the timing of repayments (and thus .the interest 

charges) differ. 

^lly Contingent Program 
The results of our tax and interest rate calculations for the fully 
contingent scheme are presented in Tables III and IV. The fully con- 
tingent program is precisely described by the parameters x, '.^^ R, 
r, T and t, where t is the repayment tax rate per $1,000 borrowed, g is 
the growth rate of incomes assumed for the borrowing cohort, R is the 
opt-out rate of interest at which a borrower may exit from the program 
before T years have elapsed, and the other parameters are the same as 
^in the semi-conventional variant. Given a desired (r, R) pair, t Is 
the single most important decision parameter, and it is the one for 
which we solve, given the others (Naturally g is not a policy parameter, 
but it is nonetheless an exogenous parameter of the program), 

ERIC 
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The annual payment made prior to opting out in year x of the repay- 
ment period for a borrower in the ith income decile (per $1,000 borrowed 
at the end of medical school), will be tY^ . Hence, outstanding 

debt of such an individual in year Tj in thousand dollars calculated- at 
the opt-out rate R is equal to 

ii- J-' '(1 + R) -^^+*^BiTyi H B*MTj) 
9=1 

where T < T/ £ T , T. is the opt-out year, and in the graduation debt 
in thousands of dollars of individual i . In the opt-out year, Ti , 
B*^ (Ti) < 0 , while B*^ (Tj) > 0 for Tj < . In year payments 
are reduced so that the equality B*i(T^) = 0 holds. If T^^ < T , this 
individual opts out, and if > T , he does not. Actually, interest must 
be paid on the first year's loan during the foxjir years in medical school, 
on the second year*s loan for the next three years, and so on, it being 
assmed that the loan is evenly distributed over four years of medical school, 
so that 

B^ = 250 B^[ I (1+R) ], 

where B^ is the number of thousands of dollars actually borrowed exclusive 

of interest acciMulated dtaring medical achool. 

Medical school drop-outs (assumed to leave school after their second 

year and enter repayment period immediately)^ must "solve for" , their 

opt-out yeax^ such that 

250 bH I (l+R)''] <l^^ I [(1+R) ]. 
J^l 2 0=1 

T 

See Page 11 for explanation of notation. 

2 

This differs from the taidergraduate proposal in Shell, eib. al. , 0£. cit. 
in which all members of the cohort pay back over the same period. Here (top- 
outs begin and end their loan repayment period two years before the graduates. 
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Then if < T the payment required from ith the decile borrowers 
in their opt-out year, T^^ , is: 




and obviously ~ 0 when x > (or x > T), since the loan is paid off. 
(See Appendix C for the cash-flow algorithm actually used in solving for 
the desired variables.) 

In our computations, the breakeven interest rate (r) is set at 6%^ 
the opt-out rate (R) is stipulated to be and we vary the length 
of the grace period (t), the expected growth rate of incomes after 
197** (g), and the possibilities of adverse self-selection under several 
sceneu:ios. Table II enmerates seven possible peurticipation scenarios, 
ranging from 100? in all deciles, to partial participation by only the 
lower five deciles. We do not expect much adverse selection, but 
anything can happen, as critics of such plans sxiggest (cf . Nerlove [8] 
and Hartman [5])« Further, adverse selection may be ''unanticipated." 
We recognize this possibility and test the strength of the programs to 
these very extreme sceneurios, using the rate of return as a criterion. 
Testing for "unanticipated" adverse self-selection is done only for 
the partiedly contingent program. We may infer, however, from our 
exercises with "anticipated" adverse selection with the fully contingent 
plan, that the rate of return will behave analogously to that in the 
exercises in Shell [10]; the two plans are not dissimilar* 



Table II 

Adverse Self-Selection Scenarios 
Scenario No> ' % Decile participating in the program 



Decile 



1 


2 


3 


u 


5 


6 


7 


8 


9 


10 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


95 


90 


85 


80 


75 


70 


65 


60 


55 


100 


90 


80 


70 


60 


50 


UO 


30 


20 


10 


100 


90 


• 80 


70 


55 


lt5 


30 


15 


0 


0 


100 


90 


80 


70 


lt5 


30 


15 


0 


0 


0 


100 


90 


80 


60 


ko 


20 


0 


0 


0 


0 


100 


80 


60 


UO 


10 


0 


0 


0 


0 


0 
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Our income data are more limited in scope than we would like (see 
Appendix A for derivation of income data). They do not indicate pre- 
cisely at what age the largest jump in income occurs; however, in 1959, 
for MD's thirteen years after graduation, mean income was of the order 
2.6 times that of those physicians out of school three years. (See 
Appendix Table A-l). Thus, allowing repayment to begin five years after 
graduation yields about a 20% drop in the magnitude of the tax rates .re= 
quired to enable the Bank to break even, ce t . par . 

The computational results in Table III for the fully contingent 
program emphasize the high returns to medical education as well as the 
relative stability to adverse selection of this variant. A physician 
entering medical school in 197^ would, if required to pay his loan 
back over twenty years starting one year from graduation day, pay Ed-Op 
repayment taxes at the rate of x .11% per $1,000 borrowed. (See 
Part 3, Table III.) If T = 30 years, t drops to .10^, as compared with 
a .39% rate for the same undergraduate cohort, with similar assumptions 
(Shell, et. al.,. Table IV. 15, p. 25). As mentioned above, the post- 
ponement of the repayment period^s initial year substantially reduces 
the tax rate. For example, for T = 20, boosting t to U drops t by 
20% (.16T% versus .132^), and when T = 30, x drops by 11% {.100% 
versus .089J5). 

Given these p8u:'euneters, the program is so attractive that only 
the top three deciles opt-out prior to the normal terminal yeax, T. 
Table IV presents the opt-out years (relative to T) for each of the 
four scenario? above, plus those for T = 25 years. The opt-out year 
for the 10th decile for t = 0, T = 20, occurs half-way through the 
repayment period, a fact which depends explicitly on the high average 

ERIC 
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"5 



income we assume for that decile relative to the others, since given 
the fiissumed Pareto distribution, the top five percent of physicians 
earn nearly 50? more than the top 15 percent on the average (see Table A-U 
in Appendix A). Hence, we expect that these physicians would be break- 
ing even on their investment in medical education, even at 8yS, in a 
short time period. 

As can be seen from Part h of Table III, boosting the required rate 
of return to the bank to Q% and the opt-out rate commensurately to 10% 
raises the repayment tax rate, t , by slightly more than the same percent- 
age amovint; i.e., the elasticity of t with respect to the r , setting R 
by R-r = 2?, is greater than one and positive. Using the midpoint ARC 
elasticity: 




(r^+r2)/2 



(t^+T2)/2 



At 
Ar 



/ 



•l'^^2 
^1^^2i 



/ 



T2"'^l 



^2-^1 J 



This is because, with the higher opt-out rate, R , rich MD's cannot opt- 
out so quickly, thus accruing jsore interest to pay off in the form of a 
higher per-year (higher t) payment, while delay of the opt-out dates 
through increasing pre-opt-out mortality shifts a greater burden of re- 
payment onto the survivors. 

Figure I depicts the relationship between r and t , when R = 
The opt-out rate is an asymptote for r = fd), and of course, as t-K), r-*-- «• 

The cash flow outlined in Table V (d) shows the total repayment stream 
10 25 i 

(I I^Y^ ^1 borrowers participating -^n a fully contingent 

1=1 x^l ^ 

program with psurameters similcur to those of the semi-conventional 
plan represented in Table I (d): t = U, T = 25, r = 6%. The total re- 
payments in this fully contingent program are leurger than those of the 
comparable semi-conventional scheme in years 198U-1996, but drop off 

*See Page 11 for explanation of P^ notation. 



Figure I 
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Fiaiy Contingent Program: Rate of Return, r, as a Function 
Tax Rate, t, for the Fully Contingent Program with: 



ERIC 



RATE OF 
RETURN 

(r) 



RATE OF 
RETURN 
(r) 



Opt-out Rate, R, = 

Grace Period, t = 0 years 

Repayment Period, T = 25 years 





0030 .0050 




(T a. 000005) 



(r S.0062) 



1 TAX RATE 

.0060 



TABLE III 



Fully Contingent Program: 



Repayment tax rate, per thousand dollars borrowed, when the rate of 
return (r) = 6^, the opt-out rate (r) = 8^, repayments begin t years 
(varied) aftei' graduation, and the repayment period (T) = 25 years, 
and g is the assumed rate of growth of physicians* inccmss after 
197**, for a class entering in 197**. 



1. 



2. t = I* (1* year grace period) 



Scenario No. 



t = 0 (no grace period): 


T (per 


cent/$l,000 borrowed) 




Adverse self-selection 










Scenario No. 


R = 552 






R = 252 


1* 


.1223/? 


.lk6i% 


.ini% 


.20kl% 


2 


.1269 


.1513 


.1803 


.2lkk 


3 


.13hl 


.l6ol* 


.1905 


.2258 


1* 


.1388 


.1650 


.1957 


.2317 


5 


.11*22 


.1690 


.2003 


.2368 


6 


.^3 


.ink 


.2031 


.2399 


7 


.•ll*6l* 


.1735 


.2051 


.2kl6 



. 


R = 5% 


^ = 


« = 3?5 


fi = 2% 


1* 


.101*55? 


.127655 


.1552% 


.1881*5? 


2 


.1093 


.1331 


.1617 


.1958 


3 


.1167 


.ikn 


.1717 


.2073 


U 


.1208 


.lk66 


.m^ 


.2139 


5 


.12U0 


.150k 


.1818 


.2190 


6 


.1259 


.1525 


.18U2 


.2217 


7 


.1270 


.151*5 


.1862 


.223U 



* Scenario #1 represents full participation - no adverse self-selection. 



3. T for varying (t,T) with no adverse self-selection and g=5;; (r=6/5, R=8^) 



T t T 

20 0 .167355 

20 k .1323 

30 0 .1000 

30 U .0889 



U. T for varying (t,T) with no adverse self-selection and g=3% (r=8^, R=10^) 



T 


t 




20 


0 


.2259^ 


20 


k 


.l861t 


25 


0 


.1723 


25 


k 


.1537 


30 


0 


.lit57 


30 


1* 


.1357 
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TABLE IV 

* * - 

' Fully Contingent Program: 

Opt-out years by income decile, expressed as years after the repayment 
period oegins. 







Decile 






gth 






Program 






t=0, T=20 
t=lt, T=20 


19 


17 


11 


« 


18 


12 


t=0, T=25 
t=lt, T=25 


« 


21 


lit 


« 


18 


15 


t=0, T=30 
t=lt, T=30 


« 


26 


22 


« 


29 


18 



^Eighth decile does not repay principal plus eight per cent interest 
in less than T years. 

Parameters correspond to those in Table Illy Part 3 (r=6^, R=8^, 
g=5^, no adverse selection). 
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sharply in 1997 and then again in 2005 ♦ This may be explained by noting 

the exercise of the opt-out feature by deciles nine and ten (decile 

ten opts-out in 1996, 15 years after his initial payment; decile five opts- 

out in 200k y 23 years after his initial payment.) Looking to Tables II 

(b), (c) and (d), one sees how the incidence of the repayment burden 

is distributed over three representative deciles: 

one, five and ten. The largest d'fference, of course, is between 

deciles five and ten, as the highest-income graduates make relatively large 

repayments until their opt-out year, 1996. The last four payments made 

by this decile ten borrower represent his subsidization of deciles 

one through nine (note that he had almost repaid his loan, at 6^, 

in 1992.) This pattern holds over all of our sample fully-contingent 

repayment schemes: High payments by the upper two or three deciles 

serve' to reduce the debt rapidly in the early years of the cohort 

repayment period and thus lessen interest accrual and the repayment 

burden of the lower income deciles. 

C. Partially Contingent Plan 

To describe the partially contingent variant we add a new 
parameter to and delete an old one from the parameters of the fully 
contingent scheme. The coupon rate (the new parameter), r^, is the 
interest rate in5)lied by the coupon repayment schedule which consti- 
tutes one of the two options available to the MD each year. To 

determine r , and thus the payments schedule, (which grows at y percent per 
c 

annum, as in the semi-conventional variant), we must set T, the length 
of time over which an borrowers are obligated to make repayments, 
the repayment tax rate per $1,000 borrowed, and t, the grace period. 



-1*2- 

and we must make an assumption about g, the rate of g-ovth of MD's 
incomes. The coupon payment option replaces the opt-out feature, 
and R is therefore not included in the parameter list of the partially 
contingent scheme. If we specify a rate of return, r, and all other 
parameters except t and r^, we may solve equally well for either t 
or r^, given the other. In practice, we set x and solve for r^, so 
that we may retain t's which are comparable to those tested in the 
fully contingent variant. 

Perhaps the borrowing MD's repayment choice may best be illustrated 
by presentation of the following specimen form letter. Figure II, 
which might be sent as his annual bill. 

As mentioned above, p\ the payment made by a doctor in the ith 
income decile in year t following graduation, is min (f^^j P^^ 
thousand dollars borrowed. Borrowings, B^ inclusive of accumulated 
interest during medical school remain the same as above; i.e. 
Bi = 250 bM I (1 + r)^] 

Note that here, ^ is used to compute interest acci:miulated, whereas 
ixnder the fully contingent scheme, the opt-out rate, R, is used to 
determine B**"" and thus T^. Given a feasible (x, r^) combination it will 
always be true that the present value of the coupon schedules repayment 
stream at the time of graduation will be greater than or equal to the 
outstanding debt at that time: 

/ xt 

where is the payment in the initial year. Now, = CqU + Yj . Note 
also that this inequality becomes an equality if, and only if, t is suffi 
ciently high so that the contingency option is never exercised and there 
is no mortality dui-ing the period. 



FIGURE II 



UPSTATE UNIVERSITY 
Medical Education Opportiinity Bfiuik 
College Town California 9U302 



April 15, 1979 



Dr. John Q. Borrower 
Smalltown Hospital 
Smalltown, New York IO708 

Dear Dr. Borrower: 

In 197^ you borrowed $x thousand for your medical education to be 
repaid over a 30-yecur period. As you know, each year you are given 
the choice of meeting your repayment obligation with a coupon, which 
this year is $Y, or with a tax repayment, for which the tax rate is 
O.Z% (O.OOZ) from your current adjusted gross income, whichever is 
less. The coupon payment is Y% higher than last year, reflecting 
your increased ability to pay as your income grows. 

Your payment is due within thirty (30) days of the date on this 
letter. Please transfer funds electronically if possible, to our 
account number xxxyyy-222. If you choose the tax payment, code your 
social security ntunber with the payment and attach a certified "time 
copy" of the form lOkO you submitted with your Federal Income tax. 

Sincerely, 



Joseph H. President 
Medical Educational 
Opportunity Bank 



JHP/ecc 



Similarly, a feasible (t, r^) combination will insiire the validity 

k 

of the following inequality, where Pq represents the repayments by all 
individuals belonging to the set K in year 6 of their repayment period. 

[I Lil ni (1 + r)J}] < J (i+ r)-^^^^)[ I n^P^ +2 I nM] 
j=l <5 i 1 e=l kGD ^ ^ k€D ^ ^ 

where Lj is the loan extended in year J , iGG, if j < 2, iGG otherwise 
and n^ is the number of persons in the ith decile in year ^ . Now, since 

= tYq , if we hold t fixed, we may determine Cq from the above, and 
hence r^ . This constitutes the relationship between r^ and t: given 
r and i, the payments min (tY^ , C^) must be sufficient to reduce outstand- 
ing debt to zero in T years. 

Results from the partially contingent program are presented in 
Tables VI - IX and Figures III and IV. In Table VI, we explore r'= 6% 
with T = .26>J. This yields a "coupon rate," r^ , which becomes increasing- 
ly close to the rate of return, r, as the grace period, t, is extended. 
This is because MDs* incomes grow very quickly in the first four years, 
so fewer chose the tY^ option when the grace period was available. In 
general, for both r - 6% and r = 8^, it was felt that the tY^ option 
was elected too frequently (to realize cur goal of minimizing administrative 
costs) in schemes with a short or no grace period, since even the higher 
income MD*s exercise the option. A t of »33% seems to give a somewhat 
"attractive" pattern in the r ^ B% program; except for low or zero t, there 
is not much change. 

(Attractive has the meaning of the above discussion with reference to 



G means graduates j» and D means dropouts. 



Figure III 

Partially Contingent Program with: ISO - r LOCI 
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Grace Period, t ^ k 
Repayment Period, T = 25 
Income Growth, g = 5/^ 
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Figure IV 

Partially Contingent Program: Anticipated Adverse Selection 
Coupon Rate, r^, required to maintain rate of return, r, at 6$? 
When Income Growth' Is Anticipated to be g, with: 
Tax Rate, t = .0020 
Repayment Period, T = 25 Years 
Growth of Coupon Payments, y, = 10% 
For Various Anticipated Adverse Selection Scenarios 
and Differing Lengths, t, of grace period 

ADVERSE SELECTION 
SCENARIO 
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TABLE VI 



Partieilly Contingent Program: 



"Coupon rate," r^, given t, the repayment tax rate per thousand 
dollars borrowed; r, the rate of return; t, the grace period after 
which the repayment period begins; T, the repayment period = 25 
years; g, income growth after 197^ = 5%i and X, rate of growth of 
repayments for the coupon option = 10^. 



1. T = ,265?, r = 6% 

Contingency by Decile* 

t (grace period ) r^, 123'*56789 10 

0 6.3955 55»t»t3321-- 

1 6.25 1*333221--- 

2 6.17 222111---- 

3 6. lit 



2. T = .26;S, r = 6% 

Contingency by Decile* 

t (grace period ) r^ 1231*56789 10 

0 8.60^ 7-l 6665lt't2-- 

1 8.1*8 6-1 5J. 5 1* 1* 3 2 1 - - 

2 8.31* lt-2 lt-1 lt-1 3 3 2 1 - - - 

3 8.30 3-3 3-2 2-12-12 1 - - - - 



3. i; = .335?, r = 6% 



Contingency by Decile* 
t (grace period ) r^ 1231*56789 10 

0 &M% 5551*1*332-- 

1 8.31* 1*1*33321--- 

2 8.23 332221---- 

3 8.18 2211------ 



r = 



Contingency by Pecile* 
t (grace period ) 123U$6789 10 

0 8,35^ 

1 8.26 3332211-^- 



2 8.16 2 2 2 1 1 



*The notation used here indicates the number of years for which 
physicians in each decile exercise the tY^, or contingency, option. 
A single number, e.g., 6, indicates that the option was exercised 
during the first six years of the repayment period. Two numbers 
separated by a dash, say denote exercising of the option in 

both the beginning five (5) years and the ending (l) years of the 
repayment period. 
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TABLE VIII 



Partially Contingent Program: 



"Anticipated" adverse self-selection*. Solve for r^, the coupon rate, 
given T, the repayment tax rate = .20%; r, the rate of retiirn = 6%; 
T, the repayment period = 25 years; X, the rate of growth of coupon 
repayments = 10^; and varying t, the grace period, and g, the rate of 
growth of incomes after 197^. 

1. t (grace period) = 0 years 



Adverse selection 



Scenario No. 


R= 5% 


s = k% 


g = 3^ 


g = 2% 


1 


6.51% 


6.60% 


1.02% 


8.50% 


2 


6.55 


6.67 


1.23 


10.02 


3 


6.6k 


6.82 


7.86 


infeasible 


k 


6.69 


6.92 


9.kl 




5 


6.72 


7.00 


infeasible 




6 


6.1k 


7.07 






7 


6.78 


7.20 






t = 1» years 










Scenario No. 


R= 5% 




g = 3% 


6 = 2% 


1 


6.n% 


6.275? 


6.63% 


1.56% 


2 


6.17 


6.29 


6.12 


8.0l» 


3 


6.17 


6.3k 


6.95 


inf ea'- '.tie 


k 


6.17 


6.37 


7.11 




5 


6.18 


6.1»0 


7.26 




6 


6.18 


6.1»2 


7.38 




7 


6.18 


6.1»7 


7.67 





Table IX 



Partially Contingent Program: 

"Unanticipated" adverse self-selection: solve for r, rate of return, 
given T, repayment tax rate = .20^; T, repayment period = 25 years; 
Y, rate of growth of coupon repayments = 10%-, r^, coupon rate, from 
Scenario 1, Table V, and varying g, rate of growth of incomes, and t, 
the grace period. 



1. t = 0 years 



e= 5% e = k% e = 3% g = ^ 

Scenario Ho . (r^ = 6.31%) (rg = 6.6%) (r^ = 7.02^) (r^, = 8.5%) 



1 6.0055 6.00^ 6.00% 6. 

2 5.96 5.95 5.89 5.7'* 

3 5.90 5.85 5.69 5.26 
k 5.86 5.80 5.57 '♦.96 

5 5.83 5.75 5. '♦8 U.78 

6 5.81 5.73 5.U2 U.67 

7 5.79 5.68 5.32 h.k9 



2. t - k years 

g = 5^ B = h% e= 3% e = 2% 

Scenario Ho . (rc = 6.17^) (r^, = 6.27^) (r^, = 6.63^) (r^, = 7.56^) 

1 6..00ii 6.00^ 6.00% 6.00% 

2 6.00 5.98 5.9'» 5.85 

3 6.00 5.95 5.82 5.56 
h 5.99 5.92 5.75 5.39 

5 5.99 5.90 5.69 5.28 

6 5.99 5.89 5.66 5.21 

7 5.99 5.86 5.59 5.01 
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the bank and administrative costs.) The sensitivity to changes in the 
grace period naturally reflects the low income of those early intern 
years in our data, as shown in Table A^5 of the Appendix. We conjecture, 
however, that interns are nowhere near as poor (relative to physicians^ ^ 
lifetime incomes) today as in I960, and that therefore our t = U might 
yield a more realistic approximation to the same program run with, say, 
1970 census data and a lower t. Most of the 1970 census data was publish- 
ed before this writing, but the publication presenting incomes by pro- 
fession was not available to us. 

Figure III presents iso - r loci in (r^, t) - space: for a given 
rate of return, the t - r^ trade-off is illustrated. Each of these 
loci has two asymptotss - the coupon rate can never fall below r 
and there exist positive x's for each r such that r^ ^.proaches 
infinity. Thus, the iso - r loci are convex to the origin in the 
positive ciuadrant of (a, r^) space. Infeasible r^^s occur at t*s 
somewhat below the t.eak-even t^s from the fully contingent program, 
(cf. Table III) or southwest of each locus, which thus defines a 
feasibility frontier for the program, given r. 

This frontier may be described more precisely by noting that, by 
design of the fully contingent and partially contingent variants, it 
will always be true that: 

r]l\ V ^c) = rH^o, tf^e (f , R) ^ 
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This is so because for an equal rate-of-return in the two varicuits, the 
above limits imply that the income-contingent repayment will be made by 
all borrowers in each year of the repayment period (i.e., there will be 
no coupon payments in the partially contingent scheme cuid no opting-out 
in the fully contingent scheme). It will also be true that: 

r^i^k V ""c) i ^fc(^» ^) ^^^'^ < R < ~ , 
c 

the inequality holding only for R sufficiently small that some opting- 
out occurs, thus requiring a larger t than that of the comparable 
partially contingent scheme, where no opting-out is possible, and the 
coupon option is never exercised with r^ very large. 

Tables VII (a)-(e) present the cash flow for a partially- 
contingent program which may be considered attractive for both the 
borrower and lender (relatively low tax rate and very little contingency 
exercise.) This may be verified by noting in Figure II the t = .0020 
point on the r = 6% locus. Higher tax rates do not significantly 
improve the low rate of contingency exercise, lower tax rates boost 
"the required coupon rate rather quickly. For this reason, we have 
chosen this particular parameter combination to test the stability of 
the program to extreme adverse selection and income growth assumptions 
(see Tables VIII and IX, Figures IV and V). 
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If one compares these cash flows with those given to illustrate 
■^he semi-conventional and fully-contingent plans (see Table I (d) and 
Tables V (a)-(d)), it is very apparent ftiat the partially-contingent 
plan's repayments are very close to those of the semi-conventional 
plan. This is consistent, of course, with the extremely low contingency 
exercise implied by this particular parameter combination. Looking to 
the decile cash flows, one sees that only in decile one do graduates 
take advantage of the contingency option (x = .0020), in the first and 
last years of his repayment period. 

This partially contingent plan thus illustrates a loan contract 
which guarantees the borrower that he will pay no more than 6.17/S 
interest (the coupon rate corresponding to the req^uired starting payment 
of $1+1.91+ in the optimal fixed-repayment schedule - see Table VII (e)) 
over the twenty-five year repayment period. Indeed, he will pay less 
if in any year .20% of his income is less than the required coupon pay- 
ment in that year ($1*1.91+ in year 1, ($1+1.91*) (l.lO) 2k = $l*5l*.63 in 
year 25). This gives income protection to potential low-eamers, yet 
does not burden high-earners with the Q% opt-out interest rate of the 
fully contingent program. The cost of this compromise solution (between 
semi-conventional and fully-contingent plans) is two fold: 

(1) slightly higher coupon payments than comparable semi- 
conventional plan (coupon rate ^=6.17^ rather than 6,00%) 

(2) higher tax rate than comparable fully-contingent program 
(t = .0020 rather than t = .00105). 

The low-eafher*s income insurance and the high-earner's payment insurance 
must then be compared by each group to see if the above ''costs" are 
justified. 

ERIC 
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"Anticipated" adverse self-selection (i.e., what would have to 
oe to maintain the same r, given adverse selection) is explored in 
Table VIII and Figure IV, As expected, the coupon rate rises, but 
not substantially, as a result cf the eidverse selection. However, 
the variation of t and g exert a much more significant influence on r^. 
This is illustrated by the family of curves in Figxire IV (compare t = 0, ^ 
loci for adverse selection scenario =2). As Table VIII corroborates, 
the sensitivity of the program to anticipated adverse selection increases 
dramaticcLLly when g, the growth rate of incomes, drops • In Figure IV 
we see that when g = 5?5, increasing the severity of the adverse selection 
scenario has a negligible effect on the r^ req^uired by the program. When 
g = 3^, however, adverse selection can make the program infeasible with 
the given A grace period reduces this sensitivity by shifting these 
loci to the southwest, but the program with such a is still sensitive 
to low g*s. Policy conclusion: higher t*s are needed if such adverse 
selection scenarios are anticipated. 

The reverse exercise involves unanticipated adverse selection, or, 
given r^ and t, what r would result under the same adverse selection 
scenarios as above, r^ and t being chosen from the (r = 6^, g = 5?», no 
adverse selection) simulations. The resiilts are set out in Table IX, 
and depicted in Figure V. The same pattern which emerged with anticipated 
adverse selection with low income growth can drop r substantially. A grace 
period of four years will guard against effects of unanticipated 
adverse selection by flattening out and raising the iso - r^ loci in 
(r,g) space, but dropping g still has significant effects with severe 
adverse self-selection. (See Figure V and Table IX.) No^e that when 
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RATE OF 
RETURN 
(r) 



Figure V 

Partially Contingent Program - Unanticipated Adverse Selection 
Coupon rate, r^, {^6.11% for t=0, 6.51^ for t=U) eet to Yield 
Rate of Return, r=6^, with expected income growth rate, g=5^, 
and with no expected adverse selection when tax rate t=.2^. 
Figure shows actual rate of return, r, as a function of the 
actual (not anticipated) growth of incomes, g, for various 
unanticipated adverse selection scenarios. 
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one combines scenario 7 (severe adverse self-selection) with g = 5%$ 

the rate of return is higher than it is when g = 2J5 and .only a little 

adverse selection occurs (scenario 2), Hence, the rate of return is 

more sensitive to poor (too high) income forecasting than to unanticipated 

adverse self-selection with good income forecasting. Note, too, that 

scenario 1 (no adverse selection) always produces a 6% return 

here since coupon rate has been chosen to "anticipate" lower income 

growth; i.e., it has been chosen as the r^ from the partially contingent 

scheme with the same parameters, including g, but with no adverse 

selection* 

In sxammary, adverse self-selection per se does not hurt the 
program. Poor forecasting of income growth and low t^s will damage 
its financial viability. This can be mitigated somewhat by allowing 
for a grace period. The caveat regarding our income data for these 
interpretations is as applicable here as above; interns are now earning 
much more relative to their expected lifetime earnings than they did 
during the I960 census period. The best policy can be inferred immediate- 
ly from Figure III - set t high enough to ensure viability. Even t = •UOJS 
is not unattractive from the "insurance" point of view, 

III, Evaluation of the Three Programs: 

We cannot offer any simple evidence that one program is to be pre- 
ferred over another, A semi conventional loan scheme such as we have 
outlined is preferable to a normal mortgage loan because its payments grow 
with the borrowers' ability to pay. We know from the simple arithmetic 
of compound interest, however, that the toted amount paid back under a 
25 year growing repayments plan will be significeuitly larger than that 
paid under a five year equal payments plan. 
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As we have stressed, the income contingent feature of the fully 
contingent scheme in some sense provides maximum insurance to the borrower, 
but the reduction of risk to the lender and the reduction of administrative 
costs offered by the partially contingent variant is of prime importance 
for small-scale applications. How might we compare the variants more 
precisely? 

We know that the semi-conventional variant is the limiting case of 
the partially contingent variant in which r^ = r, t is sufficiently 
large that in no period does any borrower elect the contingency option, 
and the rate of growth of repayments, y ^ is the same for the partially 
contingent coupon as for the semi-corventional program. The semi- 
conventional variant is much like' - but not necessarily identical to - 
the fully contingent variant in which t is sufficiently high so that 
r = R. It should be stressed that at some point t is sufficiently large 
to eciuate r to R, but if t is increased fxirther the pattern of repayments 
will be speeded up even though neither r nor R are affected by these 
further increases in x. 

Income distribution effects are certainly among the major reasons 
for proposing more flexible plans. The fully contingent plan favors lower 
income earners at the expense of higher income MD's. The early burden 
which a high opt-out rate puts on a rich MD, in spite of the fact that 
the high rate of return on his educational investment may Justify it, could 
lead to adverse self-selection in these upper deciles. While this may 
not severely damage the program, as we have shown, the partieily contingent 
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prograin shifts the burden on these physicians to a later, higher income 
period. Certainly, the degree to which the early forced payments are a 
bxirden (especially for rich MD*s) vinder the fully contingent scheme depends 
on the doctor's r^te of time preference. In absolute terms, as already 
mentioned, the potential opt-out MD pays more under the partially con- 
tingent plan, due to interest compounding. Rather than expending a lot 
of effort trying to find tax loopholes to reduce his adjusted gross income, 
he can opt for the coupon, which is exactly what we want to keep adminis- 
trative costs down. 

Referring back to Figxire II, we Judge the area to the northwest of 
the region labelled "attractive" as such because too much "contingence" 
is being exercised; i.e., the tY^ option is selected by richer MD^s. In 
other words, for the partially contingent plan, the administrators must 
.set a relatively high t and low coupon rate to make all but those in the 
lowest two or three deciles choose the tax repayment scheme. By "choose," 
of coiirse, we mean year by year, since in each yeeur, the choice between 
the two repayment options is open. Hence, a doctor starting out on his 
career may opt for xx} for three or four years, and then stay with the 
coupon rate until the very end, when ti ^ y% growth in repayments under the 
coupon scheme makes the tax more attractive. (See Table VIII (e) for example 
of this pattern.) Exercise of the "contingency" option will also be in- 
fluenced by the grace period, since a low-income intern would obviously opt 
for the tax. Thus, extending the grace period shifts exercise of the con- 
tingency option from the eaxly to the later years. 



The "attractive region" also provides a margin of safety against 
unanticipated adverse self-selection combined with unanticipated low 
income growth. A more sophisticated way of projecting physicians* 
incomes seems desirable in view of the sensitivity of the latter two 
programs to changes in growth of incomes. Reseeirch on the elasticity 
of demand for education with respect to financing arrangements has yet 
to be done. More particularly, since this program is voluntary, we woxild 
like to know, given the investment decision, what is the elasticity of 
substitution between these and other, means of financing that investment. 

IV. The Pure Economic Theory Of The Ideal Contingent Repayment Loan Program 

The major concerns of this stuc^ are largely for immediate policy 
in?)lementation. We study the operating characteristics and stability 
properties of these variants. No plan strictly dominates any other. Thei^ 
is always a trade-off ; e.g. , greater stability and ease of administration 
is purchased at the price of reduced mutualization of borrower risk. 

What program is best? There is no clear answer although we strongly 
suggest consideration of the so-called '*fully contingent" EOB for national 
application in conjunction with the IRS and suggest consideration of the 
well-designed partially contingent EOB (PCEOB) for smaller scale application. 
In order to properly pose the q^uestion as to which contingent loan program 
is optional, we must consider partial and general e(iuilibrimn models of 
intertemporal decision-making under uncertainty > To construct a convincing 
but tractable model that allows for choices among work, education, leisure, 
consumption ^ and saving in an uncertain environment woxxld be no mean feat 
in itself. Our problem is even more difficxat: Since government taxation 
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powers are of limited potency, in general the ideal CRLP would be only a 
^^second-best" solution. Choosing an optimal EOB schedule is thus a problem 
in the barely developed field of optimal adverse-risk selection . Further- 
more, transaction ^ enforcement , and administrative costs , as we have seen, 
play an essential role in selection of a "best" CRLP scheme. Here too, 
modeling is not likely to be easy. The general economic equilibrium theory 
with costly transactions is barely in its infancy; nonconvexities due to 
set-up costs abound and current mathematical techniques are not fully 
adequate. 

It is outside the scope of this particular project to attempt to 
build a "definitive" model for the Ideal EOB. (The subject, however, 
fascinates us and we plan to make it an important part of future research 
effort.) Here we content oiirselves with stretching some very simple 
models which illustrate the ideas of their section. 

There is a further theoretical "question which relates to the theory 
of the Ideal CRLP - the role of the institution of bankruptcy . Bankruptcy 
is obviously very important to any CRLP discussion. While the bankruptcy- 
institution protects individual freedom from de facto slavery contracts, 
the same institution limits private investment in hmnan capited by limiting 
lender security. The study of this special institution, which is bbviously 
very important to the study of the Ideal CRLP, would take us so far afield 
into the theory of legal and economic arrangements, that we do not even 
a.ttempt to sketch a "bankruptcy" model at this time. 
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A. Simple Aspects of Decision-making Under Uncertainty in the CRLI 

For purposes of this subsection, we abstract from the choice of the 
student borrower as to (quantity and quality of education, consumption 
and saving, and work and leisure. For simplicity the representative man 
is assumed to purchase college education and must (or chooses to) repay 
through the EOB arrangement. To keep things very simple, it is assumed 
that future pretax income is a single mndom variable un if f ected by any 
decision of the borrower. In this very special and simple case, we have 
assumed away all incentive effects (thus assuming away all "moral hazards"). 
Thus, the EOB should be designed to provide insurance stgainst lower-than- 
avera^e earned income while supporting overall educational expenses. 
Utility of the representative borrower is 
U[(l-t) (Y^+Yg)) , 

where U[ . ] is the utility function, Yg is the random variable of earned 
income, Y^ is other income, and tE[0,l] is the avereige rate of income 
taxation. Following von Neuman and Morgenstem, we postulate that the 
individual desires to majcimize expected utility, 

E{U[(l-t) (Yo + Yg )]} 
In the case of this subsection, the borrower has no decision variable at 
his own disposal - giving his probability belief EV is given after the 
government specifies the tax rate, t . We assume that the representative 
borrower is risk-averse, that is, the second derivative of his utility 
function is negative, U** < 0. 

The government must balance its education budget, 

P- = T t (yi) 
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where y*^ = + is income of borrower i , t(y^) is the average tax 
rate of borrower with income y^ , and 3 is totcil cohort borrowings in- 
cluding interest charges. If you like, the sum in the above may be 
approximated by integral of densities, so that- 

B =1 t(y)yf(y)dy , 
where f(y) is the density of individuals with income y • Following 
Bentham, we may wish to maximize the simple integrcil of expected utilities 

jE{U[(l.t(y))y]}f(y)dy 
subject to the bcdanced-budget constraint, (Of course, the bcilanced- 
budget constraint can be easily modified to cQ.low for government subsidy 
of education. ) 

The government's policy is the function, t(y), the ftill tax schedule. 

Lump-sum taxes are disallowed; t depends solely on y. By solving the 

Euler equation to the above isoparametric problem, the optamizing tax 

schediile is found. In the degenerate case where each individueQ. has the 

same utility function, the same belief about the random variable , and 

the same Y^ , then since U**< 0, optimcJ. tax is to confiscate e^-l above- 
o ' » ~ 

mean income and give subsidies to all others to bring each individual to 
the mean income, (All of the above implicitly assiames that a very strong 
law of large members applies to government tax revenue; the probability 
limit of average revenue (revenue per taxpayer) is equal to the expecta- 
tion of avi^rc'ge revenue,) 
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B. The Education Quantity and Quality Decision and Adverse Self-Selection * 

Here we focus on the effect of taxes (or repayment-taxes) on the 

individu8LL * s educational effort and expenditure decisions. For simplicity, 

at this stage, we abstract from the intertemporal aspects of investment 

in human capital, the consumption aspects of higher education and the riski 

ness of return to investment in educational capital. The simple model 

will be of some use in studying the (luestion of .adverse self-selection • 

1 

The model studied is based on one exposited by E. S. Phelps. The 

Phelps paper in turn employs the explicit educational choice model put 

2 

forward by Sheskinski. The very recent resurgence of interest in 

optimal inco".,^ taxation which provides a theoretical framework for models 

3 

of this type is due to J. A. Mirrlees. 

Assume that individuals - potential student borrowers all - have 
identical preferences, but they differ in ability to earn wage and salary 
income according to differences in a parameter n, n €[0,«>). Let F(n) be 
the cumulative distribution of individuals with ability n, so that f(n) 
can denote the density of individuals of ability n. 
F(n)=F(0)+/^ f(s)ds , 

so that 

F'(n)=f(n)>0 



E. S. Phelps, "Taxation of Wage Income for Economic Justice," Department 
of Economics, Columbia University, New York, New York, 10027. August 1972. 
2 

Reference [12 ] , 
3 

Reference [7 ] . 
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with 

F(0)> 0 and F(N)=1 
where N is the highest ability. 

Let X be an index of time and resources spent in education. Assume 
that ability and education interact in a multiplicative way so that 

y = nx , 

where y is pretax income for an individual with ability n and education x • 
The problem for society is to choose an optimal system of taxation and 
transfers to redistribute income while not neglecting costs of interfer- 
ing with educational incentives . 

Let the net tax function be h(y) so that after-tax disposable incomes 
are given by z(y)=y-h(y). To bring out the redistribution-efficiency trade- 
off most clearly, replace tha Benthamite social welfare function of the 
previous subsection with the Rahlsian criterion of maximizing the utility 
of the worst-off individuals (in this case those with zero productive 
ability, n=0). Notice that the Rahlsian criterion does not call for con- 
fiscatory taxes. The energy of the ablest needs to be harvested for the 
least able even with this extreme social welfare function. 

For analytic convenience we can follow Phelps in writing 
z(y)^y+g-t(y) , 

where 

h(y)=t(y)-g , 

so that the constant g has the interpretation of minimum-disposable-income 
and t(0)=0. 



The repayment-tax schedule t(y) must be chosen to maximize minimum 

utility, u(g) subject to 
N 

g=/Qt[y(n)]f (n)(in - y-a 
where y is government expenditure and a is the desired government budgetary 
surplus, and subject to individual responses to the tax schedule which 
will be discussed next. 

Each individued maximizes his utility of consumption, u(c). The cost 
of an education of type x is j(x), so by individual budget bedance, 

c+j(x)=y-t(y)+g . 
Simple utility-maximization yields 

dc/dx = n(l-tUnx)) - j»(x) = 0 
for interior maximum. 

We have set the stage for a detailed derivation of an optimed repay- 
ment tax rate t(y). While interesting properties can be derived, this is 
not the place to do so given the extreme simplicity of the model. The 
intention here - as it is throughout Section IV - is to discuss the elements 
of a theory of ideed student finance for higher education. 

C. Theoreticcd Aspects of Transactions Costs in Alternative Student 
Financing Schemes . 
Traditional general et^uilibrium economic models assume the absence 
of transactions costs including costs of marketing, government costs of 
taxing and individual transactions costs imposed on individuals as a function 
of alternative legal and administrative arrangements. The very recent 
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economic literature has attempted to incorporate such costs • See 
e.g. [h] and [6]. One notable difficulty in extending the traditional 
models is the obviously non-convex nature of transactions sets: 
Transactions costs fxmctions ere typically of the set-up cost type 
(with zero marginal costs) or at least exhibit sharply increasing re- 
turns- to-sc ale . 

As with all industries characterized by increasing returns to 
scale, there is a strong argiunent for a government role in setting up 
markets and in designing legal and institutional arrangements. The 
important technical lesson is that the non-convexity can be expected 
to require digital (or integer) programming techniques to choose the 
socially optimal subset of feasible social-institutional-market arrange- 
ments. 

In terms of the social .financing of students in higher education, 
this suggests that tliere may be strong efficiency losses from retaining 
a diversity of federal financing programs which, of course, must be 
weighed against the ovbious gains to the student borrower of the existence 
of choice among financing schemes. 

The reader of this report will note that in evaluating the parti- 
cular EOB plans great emphasis was placed on relative transactions costs. 
While we hope that our arguments are persuasive, we keenly feel the lack 
of quantitative basis for transactions enforcement-administrative costs 
in this study . The failure to theoretically and ciuantitatively account 
formally for such costs is a subject of general concern in modex^n economic 



theory and econometric practice • (We plan in future research to address 
ourselves to these important theoretical questions and to apply the 
results to the area of educational finance.) 
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APPENDIX A - INCOME DATA 



In order to obtain the most realistic and acctirate analysis of 
contingent repayment loan schemes, it is highly desirable that we work 
with disaggregated income data. Such data also allows us to observe 
carefully the cross-subsidization which occurs during the repayment 
years between the "high-earners" and "low earners" of the borrowing 
population. Toward this end, we divide the borrowers into ten classes, 
or deciles, each of which represent ten percent of the total number of 
borrowers. We then assume that all members of a decile have incomes 
equal to the average for that decile and use these incomes to cojopute 
the repayment flows for all ten deciles. 

Disaggregated census ii^^rome data are highly limited in scope* Since 
the highect income class specified. by these data is $15,000 and above, 
they fail to give a useful representation of the income distribution 
of the physician population. It is however possible to generate a 
satisfactory income distribution by combining the mean and median 
" c^sus income data with a frequency distribution which is considered 
applicable to such data. The frequency distribution which we have 
chosen is the Paretian distribution,* whose density function is" 



f(X) ^\ 



.r+1 



^rA^ / X^""-" for X >^ A 
"1^0 for X < A 

where r and A are parameters and X is the level of income. 



*The Pareto and the lognormal distributions are the two most obvious 
dandidates for income frequency distributions. (We chose the Pexeco 
because of the parametrization for A, which can be positive, 
especially appropriate for physicians. This enables us to neglect 
all physicians with incomes lower than A. ) 



This function may be used to determine the frequency of any income 
class from X_ to by evaluating the definite integral f Cx) dX 

1 ^ A]^ 

(e.g., if /30,000 dx equaled .21 this would imply that 2\% of the 

20,000 

physician population was earning between $20,000 and $30,000). In 
particular, we know that for any frequency distribution f(x), the 
following two equalities are valid: 

(1) X = /^^ Xf (x)dX (X = mean) 

(2) .50 = F(x)dX (X = median) 



•-00 



Since we know that for a Paretia" distribution f (x) the definite 
integral f (X) dX equals zero, these two equalities may be expressed 
as: 



(3) X = Xf(x) dX 

(U) .50 = s\ f(x) dX 
A 

Substituting the Paretian form rA^/X^"^^ for f(X) and simplifying we 
obtain: 



(5) X = rA/r-l (7) A.= X(r.l)/r 

or 

(6) X = (2a'')^/'' (8) A = X/2^'^'' 



Equating (7) and (8) we obtain: 
(9) r'^ix . X/2^'^'').. X = 0 



This in turn may be used to solve, via Newton's method, for r when 
the mean and median for a particular segment of the physician popxilation 
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are known. Finally, this value of r may be substituted irito (7) or (8) 
to obtain the value of A, 

The mean and median census income data for each of four age 
groupings of the 1959 physician population and the corresponding 
values for r and A are presented in Table A-l« 

If any Justification is needed for not using the censxis income by 
censut , the data in Table A-1 provide it. Not only are the mean and 
median iiicomes for physicians above $15,000 in all but the fledgling 
age range, but A, the parameter of the distribution below which the 
frequency is zero, is above $15,000 in two of those three cases as well# 
*Hence, if the Pareto distribution is a good approximation to the actual 
distribution, there were very few doctors between ages 35-5^ earning 
less than $15,000 in 1959, whereas the census classes lump all doctors 
earning more than $15,000 into one class. 

Fro^n r and A, we may calculate what may be called income ''dividers" 
for each of the ten deciles of the distribution. A divider separates 
one decile from the next; it is the income level at the bottom of a 
decile. The divider for decile 1 is just equal to A, since that is 
taken to be the very lowest income of the distribution (frequency of 
incomes less than A equal zero). From there, the remaining dividers 
may be calculated in sequence: 



decile #2: .10 = / ^ f(x) dX = [^C^)^] 



A 




(solve for Dp, the divider for decile #2) 



decile #3; -10 = /J3 (f)(x) dX ^ [-C^)^]x;=i 



(solve for D^) 
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and so on for deciles i+-10. 

The values for these dividers thus obtained are presented in 
Table A-2. Note that the sixth divider is eq^iial to the median of 
Table A-1, a resiilt which follows from our definition of divider 
(the sixth divider separates the first five deciles from the second 
five). 

From these dividers, we now calculate the average income by decile 

for each of the four age groups (i.e., income for physicians of age 30, 

UO, 50, 60). For the first three age ranges we use simply the arithmetic 

mean of dividers 1 and 2, 2 and 3, 3 and k respectively. For the highest 

age range, a sligjitly different approach is required. 

By definition of our Pareto distribution, we know that f(x) dX = 1.0 

A 

arid / f(x) dX = .90 where D,^ is the income divider for decile ten. 
A 10 

By subtraction we obtain /~ f(X) dX = .10. Finally, if X equals 

the "median" between infinity and the tenth divider, we can solve 

f(x) dX = .05 for X,^ to obtain the "average" for decile ten. 
DiO 10 

The results obtained from the above two computational procedures 
are presented in Table A-3. 

Finally, to obtain incomes for each age between 25-6U, the income 
matrix of Table A-3 was linearly interpolated between the four age 
benchmarks. If the interpolation yielded a negative value, we took 
these to be zero. This occurred in 19 of hOO cases, naturally all in 
the first two or three years (ages 25-27). Recognizing the existence 
of non-salary income among physicians, which may be received either 
because of physiciems' increased knowledge of investment opportunities 
or larger wealth from which to accumulate capital gains income, or both, 
a simple blow^-up factor of 6% was used to inflate the incomes obtained 

ERLCi 
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by the interpolation procedure. These results are presented in Table 
A-U. 

The cross-sectioneil matrix was converted to a ma,trix giving incomes 
over time for the 1977 cohort,^ the nomined growth rates as follows: 



Period Graduates Dropouts 

1960-70 1% 

1970- 71 6% 5M 

1971- 72 . 1% 

1972- 73 S% k.2% 

1973- 7U 5% 3.5% 
and thereafter ■ 3% 3.5% 



Note thav this growth is in addition to that yielded by aging 
(implied in the cross-sectioneil matrix). This final income matrix 
(Table A-5) was used as input to our contingent repayment calculations. 

The high rate of growth in the demand for physicians* services 
will continue, and we expect demand to* continue to exceed the supply 
for a while yet. Since we envision the program would have a fairly 
substantial effect on the number of physicians graduated, we assume 
that excess demand will be lessened within a few years. Further, we 
assume that the introduction of paramedical personnel in the next few 
years will yield more "doctor-hours" from physicians, increasing the 
effective supply. Naturally the income sceneurio is somewhat arbitrary; 
still, we feel it is reasonable. As mentioned in the text the growth 
rate projections for post-197'* are varied in our computations to test 



1 

Including graduates cuid dropouts* 



the robustness of the program to variations in these projections. In 
1968, Medical Economics projected annual rate of grovth of 

physicians* incomes for I968-78. Our projections are somewhat higher, 
based in part on inflation, and in part on the expected growth in the 
demand for physicians' services. For example, a 30 year old in the 
fifth income decile would have a I98O income computed as follows: 

1980 income = (lf8lO)(l.07)-^-^(l.08)(l.07)(l.06)(l.05)'^ (graduated 
in 1977 1959 +11+1+1+7= 1980 at age 27) 
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TABLE A-1 



Cross-sectional mean and median physician income data in 1959 
and Pareto distribution parameters resvilting from these means 
and medians (source: 



AGE RAHGE MEAM' MEDIAN , r_ A 

25-31* $ 8,990 $ It, 877 $1,511 $ 3,0ltl 

23,302 19, 1*91 2,955 15,^+15 

U^-3k 25,01*5 20,788 2,876 16,335 

55-61* 21,1*99 16,91*9 2,1*73 12,807 



TABLE A-2 



Income "dividers" for deciles resulting from Pareto distribution 
of cross-sectional physician income data in 1959 



AGE RANGE 

DECILE 25-31* 35-1*1* 1*5-51* 55-6U 

1 $3,01*1 $15,1*15 $16,335 $12,807 

2 3,261 15,975 16,91*5 13,361* 

3 3,525 16,621* 17,653 ll*,0l6 
k 3,851 17,393 18,1*92 ll*,793 

5 l*,261* 18,325 19,511 15,71*5 

6 l*,8ll 19,1*91 20,788 16,91*9 

7 5,577 21,020 22,1*65 18,51*9 

8 6,71*6 23,170 2l*,829 20,837 

9 8,822 26,578 28,589 2lt,5l*9 

10 13,956 33,606 36,382 32,1*90 



.TABLE A-3 



Average 1959 cross -sectional physician income ty decile 
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DECILE 

1 
2 
3 
h 

5 
6 

7 
8 
9 

10 



25'3h 

3,151 
3,393 
3,688 

It, 057 
i*,538 
5,19't 
6,i6l 
7,78Jt 
11,389 
22,078 



AGE RANGE 

35-ltlt lt5.5lt 



$15,695 
16,300 
17,009 
17,859 
18,908 
20,256 
22,095 
2lt,87't 
30,092 
'♦2,1*91 



$16,61*0 
17,299 
18,073 
19,002 
20,11*9 
21,627 
23,61*7 
26,709 
32,1*86 
1*6,300 



55-61* 

$13,085 
13,690 
ll*,l*Ol* 
15 ,269 
16,31*7 
17,71*9 
19,693 
22,693 
28,520 

1*2,999 



TABLE A-l* 



Cross-sectional 1959 physician income data for selected ages 
by decile (includes extra 6% for non-salary income) in dollars 



AGE 



DECILE 22, 30 



1 

2 
3 
k 
5 
6 

7 
8 
9 

:o 



0 
0 
0 
0 
0 
0 
0 
0 

2,160 
12,563 



3,31*0 
3,596 
3,909 
It, 301 
1*,810 
5,505 
6,531 
8,251 
12,072 
23,U02 



21 

9,998 
10,1*37 
10,969 
11,616 
12,1*26 
13,1*88 
lit, 976 
17,309 
21,1*85 
3lt,222 



jtO jt^ 



16,637 
17,278 
18,029 
18,930 
20,01*2 
21,1*71 
23,1*21 
26,366 
31,897 



17,138 
17,807 
18 » 593 
19,536 
20,700 
22,198 
2l*,2l*3 
27,339 
.33,166 
'♦7,059 



10 

17,638 
18,337 
19,157 
20,11*2 
21,358 
22,921* 
25,066 
28,312 

3lt,l*35 
1*9,078 



52 60 



15,751* 
16,1*21* 

17,213 
18,163 
19,31*3 
20,869 
22,970 
26,183 
32,333 
1*7,329 



13,870 
ll*,511 
15,269 
lu,.85 
17,328 
18,811* 
20,875 
21*, 055 
30,231 
1*5,579 



a 

12,363 
12,981 
13,713 

ll*,602 
15,715 
17,170 
19,198 
22,352 
28,51*0 
1*1*, 180 



E 



ERiq 
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APPENDIX B - DEATH MD DROP-OUT PROVISIONS 
Deaths ! 

All financial aid programs require that the terms of repayment be 
fixed at the time of the contractual agreement. It is therefore 
necessary that these terms include some insurance to the lender that 
unexpected defaults will not adversely affect his investment. Assuming 
that an educational debt incurred by a student will not be charged to 
his estate if he dies before satisfying his repayment obligation, two 
forms of insurance are open to the lender. First, he may include in 
the contractual agreement a con5)ulsory life insurance policy which 
names the financing entity as beneficiary. Alternatively, he majp' take 
into account the probability of default caused by the borrower's death 

I 

when calculating the repayment terms necessary to earn the desired J ^ 
return. We have chosen the latter option in our.program and have used 
five year projected . /ival rates published by the Public Health 
Service in 196U. The average number net surviving in each year of the 
five year periods is subtracted from the total number of surviving 
borrowers to obtain the number of persons making repayments in tha^; 
year. We assume that no deaths occur while the student still in 
scho'bl. - 

See Table B-1 for the results of this death provision in a hypo- 
thetical program extending loans to 10,000 students which graduate in 
1975. 

Dropouts ; 

We assume that a fixed {9%) percentage of borrowers will drop out 



of medical school after one year. Historically, this is a percentage 
point or two below the average drop-out rate (lljS), and if too low, 
would bias our tax rate computations downward somewhat. However, the 
drop-out trend seems to be declining, and vre feel that the pressure of 
the military draft will ensure the continuation of that trend, since 
medical school enrollment guarantees a deferment. 



TABLE B-1 



Year 

1975 
1980 

1985 
1990 
1995 
2000 
2005 
2010 
2015 



#Survivors 

10,000 
9,912 
9,826 
9,723 
9,1+78 
9,090 
8,5C^ 
7,683 
6,585 




APPENDIX C - CASH FLOW CALCULATIONS 



TJie algorithm vhich we use for deterwination of cash flows is 
applicable to any of the three types"of repayment schemes. It is used 
in oxir program to calculate not only the aggregate cash flow over all 
ten deciles, (graduates and drop-outs) but also when considering the 
opt-out feature of the fully contingent repayment scheme. One need 
only specify the prevailing interest rate on borrowed funds, the loan 
schedule and the repayment schedule^ 

The algorithm is as follows: 

Give"- L^ = loan extended at beginning of year i 
= repayment made at end of year i 
r = prevailing interest, rate 

Calculated: 

I^ = interest due at end of year i 

P^ « principal paid in year i 

C = cash flow for year i 
i 

= out striding debt at end of year i 



p. = R. - I. 
1 i 1 



C = R - L - I = P. - L. 
i i i i 1 1 



We so3ve for one psu-ameter, given the others, such the^t the absolute 
value of the outstanding debt at the end of year T + t is less than 
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ERIC. 



$100 (our computational tolerance). This is eciuivalent to solving for 
say r, given t, in the fully contingent veirieint, such that 

ii o • 1 -(e+t) ^ T ^" 

250 [ n In"- (l+r)J}] = I (1+r) [ InQ 

j+l i=l 9=1 i^G ^ k€D 

where 

i6G, D if J < 2, 
i6G otherwise, and 

is the niimber of persons in each DEA (Decile-Education-Age) cell 

y 

in year y; and the other parameters are as in the text. Note that we 
use n^ on the left-hand sice, on the assumption of no morteuLity during 
medical school. 



APPENDIX D - SURVEY OF INCOME- CONTINGENT PLANS 

Recent proposcds for income-contingent student loan repayment 
plans have met with sharply differing degrees of success, The 
proposcds may usefully be separated into three categories; 

I. Plans which restrict their borrowing populations to those 
students within a single university or to separate colleges of a 
university. Initial funding for such plans generally draws on the 
school's unrestricted endowment funds or cdumni donations, 

II. Plans which attempt to mutimlize risk (and thus gain access 
to externeQ. funding sources) via a consortiim of schools whose 
borrowing populations share similar borrowing preferences and projected 
future income streams. 

III. Plans which may be either university-specific or available 

y 

to a broad (e.g. statewide) student body but gain direct funding or 
debt guarantees from govemmentcQ. bodies. 

Of course, these criteria for separf.tion is somewhat arbitrary and 
intra-category differences will often exceed those between categories. 
The three divisions do, however, represent shaiT>ly different financing 
philosophies and are thus useful for investigation into probable future 
directions of income-contingent plans. 

1. Successfully implemented proposcds have genercdly fallen 
within the first category. Brief discussion of the essential 
characteristics of four such Implementations follow, 

A* Yale University ^ the first major school to implement the 
income contingent plan, allows all its students to participate in the 
program, each being permitted' to borrow that portion of his tuition 
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which represents an increase from the 1970«^71 tuition level, The 
repayment tax rate on income is set at .h% per $1000 borrowed, the 
maximum repayment period at 35 years • This tax rate repayment 
period combination implies extremely conservative income growth 
assumptions, as is implicit in the Yale informational pamphlet, which 
estimates that the borrowing cohort ' s ■ debt obligation will be 
satisfied 10-12 years before the end of the maximum repayment period. 
This conservatism is also reflected in the $29 required minimum 
^innual payment per $1000 borrowed ($29 x 35 years = $1000, thus a 
stream of the minimum repayments would repay principal only, providing 
a long-term, zero interest rate loan). Borrowers may "opi -lUt" of the 
program at any time with a final payment which would cover a loan 30% 
larger than the loan actually taken out (plus interest on that 150^ 
amount). Yale student response to the loan offering has been enthusiastic, 
perhaps, surprisingly so, considering the rather stringent repayment terms. 

B, Duke University has implemented a loan program very 
similar to that of Yale but differs" significantly in that: 

(i) it attempts to minimize cross-subsidization from 
low tc high earners by separating the various colleges within the 
university into distinct borrowing cohorts, so that the repayment 
obligations of a medical school cohort will end sooner than the 
contemporaneous undergraduates; 

(ii) it is financed solely through internal monies^ 
(iii) it limits the borrower to $500-1,000 per year, not le- 
fleeted in a. tuition increase; 
\ 



(iv) it operates under more realistic repayment terms 
(tax rate = .36^ per $1,000 borrowed, repayment period - 30 years); 

and (v) it allows the borrower to begin repc^ent after 
one full year of full-time employment. This is actually a sophisticated 
"grace period" provision, inasmuch as it varies among borrowers. 
C. Stanford Business School 

M.B.A. students at the Graduate School of Business at Stanford are 
given the opportunity to participate in a loan program whose terms of re- 
payment are very similar to those of our "partifdJly-contingent" variant. 
All students are nominally eligible to participate, but participation 
patterns may be non-uniform across income deciles because the school en- 
courages its students to exhaust all other fxinding sources (e.g. national 
direct student loans, federally or st^te insured loans and parental and 
personal assets) before making application to the school's loan program. 
Currently, the maximum total loan which will be extended to a student is 
$8,000, which more than covers two years* tuition ($3,210/year). The 
essential repayment terms are as follows: 

(1) Beginning year of repayment: Borrowers begin repay- 
ment immediately after graduation, unless granted a 
deferment because of continuing education at Stanford 
or elsewhere* This is similar to Duke's terms in tbflt 
a "grace period" will be granted to some students, 
but not others.—, _ — 

(2) Terms of repayment: Each borrower will repay on a 
conventional five-year repayment schedule (60 equal 
monthly repayments) tinless he chooses (at an/ point 



in the five-year period) to switch to an optional 
repayment schedule. This optional schediile runs 
for 10 years, vith repayments on a graduated schedule, 
eeu:h payment being 6% larger than the last. If at 
any point in this ten years, the borrower anticipates 
that a req^uired loan repayment* will exceed Q% of his 
income over the next year, he may defer the excess to 
an eleventh year. Deferred repayments in this eleventh 
year will be equal in size and, again, must not exceed 
d% of the borrower's iicome iu that year. Deferments 
to twelfth, thirteenth, etc., years will thus be possible 
if a borrower's income was especially low over the en- 
tire repayment period. This "contingency option" is 
^called a "payment limit provision" Ijy the school. 
(3) Interest charged on loan (r): Stanford eaqpects to be 
able to borrow at the going prime rate and thus uses 
an estimate of this rate to determine the probable future 
repayment schedules for all borrowers. Administrative 
costs and ejqpected deaths and defaults add an additional 
1% interest to the conventional 5-year plan or an additionaJ. 
1 1/2% interest to the "partially-contihgeat" 10-year 
plan. 



Including any reqtiired loan repayments to other funding sources such 
as HDSL and Pederal/State insured loans. 
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It is significant to note that, in the langxiage of our "partially 
contingent" variant, the optional repayment tax rate, t, is 
variable, ranging from 1%^ (for the maximum loan of $8,000) to a very 
large rate {l6% for a loan of $500). This variable rate will, of 
course, decrease the likelihood of contingency exercise by students 
who took out small loans, thus giving a subtle deferment advantage 
to large borrowers. 

D. University of Pennsylvania Lav School is offering 
(Fall 1972) a small jilot income-contingent program, making available 
ten separate $1,000 loans in its first year of operation. It is 
financed exclusively by a short-term pledge from an interested alumnxis 
and has set a repayment ceiling of .50j5 of the borrower's income 
and a fixed repayment period of 20 years. It differs from the YaLLe, 
Duke and Stanford Business School programs l?y offering yearly repay- 
ment choices, vhere the borrower may opt for a "fixed" repayment 
from a schedule whose payments grow at ^% each year. (See dijcxission 
of the "partially contingent" loan schemes, pp. Il-l4). 

2. Consortium attempts have" beeirq.ulte unsuccessful 
to date, as may be readily inferred from the absence of any such financing 
proposals in the recent literature on the incOTie-contingency isstie. Three 
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representative failures a^e sketchied below, with emphasis on the 

causes for their rejection. 

At Work toward a consortium of 10-12 ©^nduate htielneaa ^choQla 
was carried out in January, 1971, the corsortium to be based in the 
Wharton School and to draw its initial funding guarantees from 
foundation sources. Fo\uidation and institutioncO. reluctance to Join 
in the proposed consortium led the income-contingent scheme to an 
early death. Wharton subsequently considered an independent income- 
contingent program but chose instead a conventional five-year, fixed 
repayment loan offering which satisfied the debt obligation at an 
interest rate of eight percent. Student interest and participation in 
this program was predictably low anf plans are currently being made for 
a shift to the federcG. GSL program. 

B. Another feaisibility study, made early in 1971 under the 
auspices of the Sloan Foiandation, focused on a proposed consoirtitmi of 
the five Philadelphia medical schools. It examined two alternative 
programs: (l) a "normal" income-contingency scheme with a repayment 
tax rate set at .35Jf per $1000 borrowed and (2) a schedule of growing 
fixed repayments \rtiere the repayment period would fall someidiere between 
1^ and 2^ years and the growth rate of repayments would be tet between 
2 and l6 per cent. A strong recommendation emerged in favor of the fixed 
repayment schedxae, primarily becaxise of financial tmccrtalntics and 
adverse self ^selection fears* 

1C. A third investigation headed by Dean Bernard Ilelson of 
the Stanford Medical School and funded by the Sloan Foundation (early 
1971) considered a possible consortium of California medical schools. 
The investigation produced a strongly negative report on the income^ 



contingent mode of repayment, based on such factors as: — 

ClI Coatltnesfi to the student of long^tem repayment 

periods , 

(2) Riskiness to medical schools vhlch voiad he guar- 
anteeing immense outstanding debt balances , 

(3) Lack of Information to be gained from a brief, costly 

pilot program. 

Parameters for the income contingent plan which were considered 

were: 

(1) Repayment tax rate = .50JJ per $1000 borrowed, 

(2) Opt-out rate = 10^, 

(3) Repayment period = 25 years, 

(U) Assumed ^% annual income growth, 
(5) $29 minimum annual repayment per $1000 borrowed. 
3. The final category is one for which no strong evidence of 
feasibility or attractivoness has yet emerged, but which will likely 
serve as a model for some future experimental programs. Its primary 
difference from the other two categories lies in its dependence on 
^liuyemmental legislation and appropriations. 

A, Harvard University has begun (Fall 1972) a loan program 
for Harvard and Radcliffe undergraduates which will meet all require- 
ments for inclusion imder the umbrella of the Federal . Insured Student 
Loan Program* The borrowing population is limited to those students 
with adjusted, family income (defined to be 90j{ of AG! less $675' per 
declared exenqptlon) less than $15000, each student being permitted to 
borrow $1000-$1500 per year. The repayment period la set at 5*-10 years. 



with a possible three year extension of repayments if the borrower's 
income has been low enough to qualify for the maxiwuu repayment celling 
{6% of anntial Income I. The repayment celling Implies a tax rate of 
1-1 1/2% per $1000 borrowed (four year's borrowing of $1500 per 
year yields an effective tax rate of 1% per $1000 borrowed!. This 
extremely conservative tax rate is well Justified, considering the 
projected incomes of eligible borrowers and the lower repayments in 
the normal stream of fixed repayments « 

B. Variotis state legislatures (Ohio, Illinois, Oregon 1 have 
considered and rejected bills which would require that all state college 
and university students repay the Implicit loan, or subsidy, which 
provided them with lower tuition levels than students at comparable 
private institutions. This subsidy was estimated at $3500 for four 
years of education in the Ohio Plan* These legislative proposals were 
income-contingent only in the grossest sense, in that they allowed 
reduced or zero repayments for students whose incomes fell below a 
specified level. The rejections of such biUc speak for the general 
legislative hesitancy to threaten the strongest selling point of^ state 
institutions for higher education - relatively lower direct costs to 
the atudent* If, however, state colleges and universities continue to 
find it necessary to increase tuition levels, adverse student and 
citizen reaction can be expected to grow proportionailly. Such reaction 
could well destroy the existing legislative opposition to ^deferred 
tuition" plans at the state level and lead to a renewed interest In 
the subsidy-repayment schemes* \ * 
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APPENDIX E - THE INCOME-GENERATOR COMPUTER PROGRAM AND 
THE INCOME-INFLATOR COMPUTER PROGRAM 

The Fortran program to generate income matrices by age, decile 
and education consists of nine subroutines and functions: MAIN^ INTERP, 
NEWTON, FR, DERF, DERFl, FX, FA, and FINC. The program requires IOOO8 
types for code and 13272 types for arrays. 

The program requires as input the mean and median incomes for four 
age ranges as ..^11 as a starting estimate for the values of the parameter 
r used in the assumed Pareto distribution. These are necessary for the 
two educational' classifications: Graduates and drop-^outs. For the drop- 
outs, no distribution of incomes is compared; the incomes across all deciles 
are set equal to- the mean. This is a criterion imposed by our data: 
No median daoa were available. 

The output produced includes that summarized in Appendix A; values 
for r and A for each age range (25-5'* > 35-'*'*> '♦5-5'* $ and 55-6U), income 
"dividers" by decile, income matrix by age range and decile, and an in- 
come matrix fpf ages 27-6U and by decile. For each of these, the calculap- 
tions are described in Appendix A. ' 

The resultant matrices, each UOxlO jh the case of our data, are 
written as an unfoimatted file for input to our simulation of cash flows 
program. They could equally well be punched on cards by the program. 
In the first case, appropriate Job control cards are required for the 
file to be kept on disk or tape. In the second case, the white (l) state- 
ments should be replaced with a formatted punch (or write (ip, )) state- 
ment. Note that, in most cases the standard card reader, printer and punch 
tanits are IN, 10, and IP, set in a data statement in the main program 
(to 5,6, and ?)• 



DATA INPUT 

Card 1 ; B'ormat Card (cols. 1 - 72) 

This is a Fortran format , column 1 being a left parenthesis , sni 
the last column a ri^t parenthesis* It describes the following list: 

Purpose 

Indicates eige range 
ff 

Mean Income 

Median Income 
Starting est. for r 

Thus, a sample format card might be: (2lU,3Fl0.0). 



Parameter " Variable Tyye 

Age 1 Integer *U 

Age 2 " 

Mean Double precision 
(Real *8) 

Median 

STR " 



Card 2^9 : 

Values of this list for foxir age ranges for graduates, then for 
drop-outs • 

Subroutine Summary 
Subpro^am Purpose 

MAIN calls all others; data read and written here 
INTERP does linear interpolation of incomes between age' ranges (25-3'* 
centered on 30, 3'*-'*^ centered on UO; so at extremes, inter- 
polation done between 0 and 30, and 60 and 6h) produces in- 
come starting with age 2T« 
NEWTON* Newton's method for evaluation of nonlinear function FR, whose 
arguments are MEAN, MEDIAN, R, and T 



See IBM Scientific Subroutine package* 

1 
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PR solve for r in terms of mean and median (equation 9, Appendix A) 

DERF corresponding 1st derivative 

PA evaluates PX for income dividers {=.1 PX) 



Subprogram Purpose 

PX evaluates Eareto density for income divider *viculation 

(in terms of A and r) 
DERFl corresponding first derivative 

PINC evaluates last income value, say X, where P{X), = .5 {1.-P{DIV^q)), 
DIV^p = 10th decile income divider F{.) = Pareto density. Hence, 
DERPl is the corresponding first derivative. 

PROGRAM PERFORMANCE 

For MBA data, requiring only 20-year income matrices, 6 sec. of CPU 

and 10 sec. of channel time were used on a 360/75« (Cost = $1«0U). 

Questions about this program should be referred to either R. Bemer or 

lU Johnson. ' , 



INCOME GENERATOR PROGRAM 



C MPr <:CHOCLS JNCOMLJATRICeS. ^ " „ 

niMt:NsinN FMT(iS),iN!C(rd,^4"),YM(io,4o), 

RPALi"? MFAN»MEDIAN»RyA,OlVCIO) ♦ INC ♦ X t EPS t STR , YC t Y(2y I0»40) ♦ MUtT, YM 
OOUnLE PRECISION FR,DERF,FXf OPLE,nPR"FltXP,FAtFIMC,nHAXl 

^ IMTr^FR AGritAHEg ^ 

FX-'CRNAL FR,OERF,FX,DERFltFA,FTNC 

OATA IN, lnt Io_/5t6t7/ 

REwiNn i - - ' ■ - . — - — - 

^REAJTi (IN, .500 1 FMT , 

00" 101 L = l",2 - " - - - „ 

WRITP(6,515) 

no 130 J = l,4 '' '- ~ 

REA:)nN,FMn AGEI,AGE2,HEAN,ME0IAN,S TR 

• WPITfnQ,50yrAGEl,AGEF,MEAN>ME0IAN,STR 

IF(L.eO.?) GO Td 111 

fEPS=.in-6^ ^ " ' " ' 

■IPNn=130 

C CALC. a FRnM*F(R)=0 W/MEWTON»S METHOO : 

X=0.r>0 „ _ „ ^ „ ^ 

rjll NFWTONl R,FR ,OFOF,STR',EPS , I fRdVI ER , MEAN, MEJSTANTxT " 
C ERROR PFTUPNS 

f F U c R - 1) 2", I O ; 2 9 " 

iO WRIT': (TO, 502) I END 

CALL EXIT : ' 

?0 WPIT=( 10,5031^ 

■ CALL rxiT """" ' " '■ : r~~~ 

C CALCULATE INCOME DIVIDER ARRAY 

2~^A^MF erA^/T27(BTr*mT?re?r/^ri '■ : 

^ 0IV( 1)=A 

wftlTf^(6,504J R,A ' 

nr ^0 1=2,10 
x=plV (T-T)" ~' ~ 

fF(FX(A,R,X) .LE.l.D-1) GO TO 31 

n rv r ! )= a rm ^tu^ii -noxTfr, xtt**! t ;;M7]rn 

-^p 3 0 

T IF LPWFR iIMIT ON! f^^flHlfl INTEGRAL OF PARETO DIST'N < .1, ?niVP — 

C F(e)-F(A) = .l FOR 8 W/ NEWTON'S .METH OD 

31 St?='A+DPXE( FCOAT( I )T : \ 

CALL NEWTON(XP,FA,nPPFl,STR,EPS,IFNO,IEP,X,A,R) ' 

in 1 5-f -I V # 5t ,152 ^— ~ 

51 WPITr.{io,502) lEND * 

CALL Fxn = ■■ ^ 

52 WPIT':(I0,503) 

CALL "FXlT " 

50 WRITr( 10,510) I,XP 

dv(ir='xp- : 

30 CCNTINUF 

na 1 = 179 



INCOME GENERATOR PROGRAM 
(con't, ) 

40 iNf.d ,j»=(niv< n«-oiv<i«-i» r/2.oo ~ 

STO=0!V(10t +10.00 

CALL NEWTnMfXrFtm,'lTffFrt"STR,El>"SVTEN07rFJr;r^^ 

r IPCTeD-U 60,61,62 ™. 

61 WP.ITP(Tnv«i0.2> ItMD ^ ~ '— — 

f.ALl FJCIT 

"1, 2 WI T f ( TTT"^ Smi ^ "~ 

CALL FXIT 

60' vn^t'^'Fi Ttr-, 5Tri — r — 

INCC!G,J)=X 

• fUl in 100 ~ — ' ^ — - 

liii on 112 ! = i,lo 

112 rWCC ! * J) =HE75T/rN"'^ " " ' 

1 00 CONTINlff . - 1 — 



WPITC(6,512> : 

WRITcr6i5T3"l (KK,KK=l,4) - 
00 109 1 = 1*10 

Too wRiTe(6,5T4r I rcTisiGii rji ,j=i,4i 

CALL INTEPP(L,INC,YM,YCJ 

no 110 1=1* 10 ■ ^~ 

no 110 3=1,40 

; ini;e0.2» GO TO 115 

Y(L,! ,J) =6MAX1CYMC ItJI * ,0.001 

: — ^0 " vig— — " - : 

145^^11, 1 ? J) = OMAKl UG( ! ,j i ,0^D0> 

Ho cnhiTUMue : ~~" ' : ^ 

AV^'^^^'J^ 106 

" " WRIT 616,5 OT) ' ' s 

GO TO 107 
T06" we I T P ("6", 5"0(5T 
:iC7 WR I TF 16,507:1 CkK,KKsl,10» 

~ — cn lofl 1=1,40 

11 =1+24 

lOB wR7TEUT50i»i"rrrmc,"j",Tr,j=TirTi>7 ■ 

101 GONTINtIF 

wRiTF (HI rTYTTv jfKr,~KST74inv"j"= n 1 0 1 , 1 » I ,Ti — : 

REWINO 1 

MHi y blb,b09) — 

CALL EXIT 

— 3 ao fw^^iirmm'^' ~~ "~ — ^ ~ ' — "~ 

501 cORMATC'O^GF RANGP»,I3,» T0» , IB/IX, 'MEAN* ,F 10.2 , • MEDIAN* ,F10*2, • 
XTTAPTTNG GUTt^T TT3ir l?T-,TTinTI " ^ ' 

502 FORMATCO NO CONVERGENCE AFTER* , I4t • ITERATIONS. TRY NEW GUESS.' » 
50^ FOPVATI'O ntRlVAMVfe- ZtHO. . T HY NEW S T AH T bff.M — ^ 

5?4 FORMAT! to PARAMETERS S R»,026.l6,» A», 020. 101 



INCOME GEMERATOR PROGRAM 
(con't* ) 



505 FOPMATCl INCOHF MATffn PtRT HET>TCAL GRA-pj^f ' 

50<i FnR»'/T(«l INCOME MATftlX FOP MEDICAL 0«OPOIjTSM 

50T FORVfif iro r^FClCF' ,T0r8XiT?i'4XT7»ff Af^E'T 

. 508 FnoMA T( AX,I2,l X,10Fi2.2) 
b'.'-'i HjjjMAM' INC'JM' c Mfl ! HILhS UN UNI T It 40X1UX2 ' ) ' 

510 FflPMAT^tpt, t n DIVIDFR CALCULATED BY NEWT6N«*5 METHOD =»,n20.lO 

511 FOP'^AT(toi.A$T INCOME VALUE <MEDIAN) BY N. MFTH. 020*101 

3T2 PnPM AT |.t r- rNTEffPn i A > bU 1 NLUMh lygT V I X » ) ^ 

513^FnPMAT(t0Ar,E RANGE • ,41 lOX, 12, 8X1 /•OOECILE* ) 

~ b LA A » i lif ,^x ,4»<;0. Id » — " — ~- — • — ^ — • • — ■■ — — 

"5T5^"F0RMAT( • I M 

. SUBFnU"''INE INTFRPCIFLAG,INCtYM,YC) 

- PFAL*B P,ff7rST,"X, 0, I NCMOV^-rTYWt 10 ,40 1 f YCTTC?¥ai 

DO 100 1=2,4 - 

— — —- nr-T-j u J=l,lO — — '■ — — ■ • • — • — " 

M=(iMC(J,I)-lNC(J,I-l>)/10.0DO 

XST^T*ir)rZ0 : — 

:8=!NiC( J,n-M*IST 

f t T = TS T» . 40^0-^1 .T3O0 --^ ^- 

14 = 1 1 1-<? 

FFrt.hg.^r — 11=111-14 • — 

IF< I.eo.A) I II-IST>. 400*4.00 

Do lot X= 1 1, TIT -™ 

X=K 

_XK=K-?4 . ^ 

d=M*X+B 

rr — ^ WR.TTF( 6V50 0 » M ,P, 6 ; — — '■ • • — '■ 

C 56c FPpMATp M=»,D20.10,» B»»,D20.10,» Q«»,020.10» 

I F ( T F t AG . Fa.TT"no TO^TO?- - " ™ '■ 

YC(J,KK)=0 



GO 70 101 ^ 

102 YM(J,Kk|=0 ' " - - - -- 

101 XPNTINiJE 

100 CONTINUE ' " " : 

RETUPN 

' ^ 

INF^ NEWTON I P,FR,OEPF,$TR,f P$,I END , I EP , MEA N , ME D I AN, Z ) 
REAL*8 P,X,A,<»,SfP. ,EPS,TOL,TOLF,DP tMEAN, MEDIAN, 0,'Z 

D OUBLE PRECISION FP,OERF,OA PS,DE RF1 ,FX 

EXTFPK'AL OERF ~ = 

, lER-O 

'. . R=sTc '■ : " 

TnL=p _ ^ _ 

toif=ioo.od6*eps " 



INCOME GEHERATOR PROGRAM 
(con't.) 



r tnpp • i _ __ 

on 6 i=l t lE'Mn 

IF C^PC^PAK'fMcni ANfefZI.EO.d.DOl GO TO 7 

c ^^t sATi^Fi^o FP=o by r 

1- IF C nc P..F I »<f AN , MFO ! AN , R , Z n 2.8,2 
C riCPATinM POSSIBLF ~ " ' 

2 IF(PFPF|MF&N,MP0IAN,P,ZI.GF.1.C10I GO TO 10 

m =PPX MFAM , AN , ft, Z » /DERFrM^W.WOI AN, ft, Z I 

TrtL=fi ~" ~ 

C WU^ACY^ CHECK , _ 

TnL=FPS ^ " : 

'_ 

mo-ntrpo! 4,4,3 " - 
~ ' 4 iF<^Afl5<nP)-TnLi 5,5,6 — — — 

5 I F I n£ BS C F» t MEAN , MEO ! AN , P , Z h -TOLF ) 7,7 , 6 

6 CONTINUE" " 
C ENn Lrop 

~~ ^ " ~"^t Cf^KWPCFNCf: ' 

!Eg = l • 

7 ppjmhi : 

_ c ^'Jp"^ '^i'*Jt*i^ _ 

8 .IFP=2 ' 
return: 

■ 10 i^r>rcT(>ir™7^'roTrN,irrzT — " ^ 

WPITEI6,in P,P 

~ CALl EXIT ■ ■ ■■ 

H FORmatCOOERIV. =»,020.10/» X», 020. 101 

EN'O ~^ 
DOHBtE PRECISION FUNCTION FRIMEAN, MEDIAN, R,Z) 

_ _ p^.^ L w F«^N7^TOr,P,Z ■ — ^ " 

" fR=R*CMEAN-ME0IAN/l2.OO0**Cl.O0O/R»»»-MEAN 

- RETUPH 

ENn 

OriiBl r PRECTSlIHilTUNCTTUrTJFRFTWFATI, MEDI AN, R, Z ) ^ 

OnUHLE PRECISION OtOG 

■ " ' REAL*R f¥mi*»€TSTliHiKrmr,Wl 

Twn=2,0CO**C l.ODO/o) 

~ I IK » >- « I Wtr A N- Mb » I A N/ r WiJ t- 1 W trO i AN « ' J t UG U .OUU II / ( R » 1 WUI 

RFTUON 

nODPlE PRECISION FUNCTION DERFl I MEAN ,A.,X ,P I 

OOtrBIE T*RECtSTC'N~DtTTG ^ ~ — " 

■ RE/^L »S MFAN, MEDIAN, X, A, R 

C 1 VVl It- 16, -J I R,A,X ■ ^ 

DEPFl = <R*(A/X|**|R-l.DOH*CA/CX*X>l 
- ~WRITFl6,4rT f^ERFl " 

RETURN 
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IMCOME GENERATOR PROGRAM 
(concl. } 



c A ^J?** AT(«of)Pt>Fi g«, nap • 10 » . 

' C ■ 3 FnPMAt(*OP i«,020;"l0/^ A ,020.l0/« X=«,D20.10I 

END - - 

■'" ocUP L E Pf> EC I ? T ON -FHKCTI ON ' TxTA , P , X » 

REALMS A,P.»X 

IFCX.IT.AI GO TP 100 

FX=-( CA/X»**PI c_ 

' \ -Gc to lor 

100 •''L'^o.qoo _ 

C 101 WRITF|ft,lC2»FX : 

RETU'?^' : '. 

■ ' ' "FNO " 

prtmiF PRPCISinN Fl'NCTION FA|XfAj^XP»P» ■ 

- nnijBi e PRFCTSION FXrXTft^^^^ ' " 

FA=f X<A. RfXP|-FXCA,PfXl-l.P-l , , 

r — ■^r~WRITE(6,n =4 ' ~- 

C 1 FnpMAt(*0FA 020.1 Ot _ 

" pgriTRjtf ' ' " " . -. - 

■ ?^!p - 

nnunUF T>1STCTSTW FT-lNCTinN, F INC! nTJTTXVTfr ~ 

OntmLF PP FC I S I O N FX , X ,A> Rt Dt FXX » FXPI V 

— F1M'- = FXI A,K,X»*.!>U-l " — — 

FXX = FXfA^RfXt ^ 

'FXDIV=FT<«-A7T;Tn " 

C WRITF|6,1» X,0,FXX,FXDIV,FING 

. ^ r FORMATC • 0Y=' fPZO.TO;' 01 VI 10» = » »»;?0, lOt • FXtXI«',OZO.lOf • t-xiuiviT 

C X0n = Sn20 .1Of/*6FINC=», 020.101 ' _ , _ 

— * RETURN ~ ■ 

FND ^ __. 

/ AGiTrFToiFoor nonTim^sTjr^Tis??*^^^ 

// S PACF= (TRK , (2, I) , RL$6 1 ,0CP »IPECFM=V6 »BLKS IZE« 32041 _ _ 

TTpnTPTciT gor cm~rr5N=Tr; p5 1 03. me d i nc, o i s m= shh — 

//cr.sYSiN no * 



fb.X.l^.lX.lZ, 

25-34 


31-11). 0) 
8<»90 


4811 


2. 








"35-4'4"""" 

45-54 


23302 " 
25045 


19491 

20788 


2. 
2. 








^_^^._..^^.._ 

25-34 


6421 


16949 
6421 


•Z'.' ■ 
2. 








.Ab-44 
45-54 


H66y 
8<>49 


8669 
8949 


2. 
2. 








— 55-64 




'"fl34b 











-102- 



INCOME INFLATOR PROGRAM 



//no. SYS IN cn * 

/PROG^A?' _ 

»ei»L INC(10,A0l,!NTFRI10t3l 

qPAP C«>,900l CCIMC<l,JI»J=6,36tlOI»I = l»10,ll 

900 PORMAT lAFlO.O} 
OC 10 1=1,13 



INTEPCI,n = l INC( 1,161-INCM, 611/10.0 
TNTf:ttCI,?MCINCU,26l-INCM ,16n/l6.0 
INTPR 1 1 ,3)?MNCl ir36 l-INCI I ,2611/10.0 

10 GOMTINiie 



no 50 1=1,10,1 

on 20 J=if5,i 

-J '^C I Jhl = INCCI,6 l-fINTeRn,lt»K| 

20 IF flNC(I,JI ^Lf. O.Ol INe(t,Jl=0.0 
bn 25 J=7,15 



K=J-6 

no 30 J=17,25 



30 iHc M , J r^No n 16 » iNrewn^TiTwy 

HP 35 .1=27,36 

K=J-26 

' 5 J^£_ Hf J L= INCf l,26l»HNTERn ,3I»KI 
" ^ Dfl 40 J=37,40~ 
K=J-36 

i^-TWjJTJ ) =TmTi^^'( iNTe ft ( I , 3 ) *K> 
50 CnKlTINUF 



Uftl^p 16,905) {J,IINCn,JI,I-l,lOI,J»l,40) 
nLnw=cci.07i*nii*i.06 

on 55 1=1,10 

00 55»r=lV48~ 
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IHCOME IMFLATOR PROGRAM 
IconcJ.. 



55INCCIf JI = INCM,J)*etOW 



00 80 1=1,10 

iNcci,2T^i"NCTi,Ti*Trr<r8~)^ — " — 



iWCI If?.| = INCCI,3I*Cl. 081*11. 071 
•^LOWs I, 08*1.07*1.06 



nn 70 .1=5,40 



70 ING( I ,.ll = INCUf J)*BLOM*C I l.00l**KI 



WRltE' (6,9051 CJ,CINCn,JI,I=l * ipl , J=l ,401 



**0!> FGftMAT p S^OI 



<»06 



/GO 



STOP 



!i,10ll-lC.l»,2Xl,/n 
t 7,9061 I C INCC I f Jl , 10, I ) , J=l,40,l I 

(^FTDTOT" ~ 1— -LLL 



3393. 



4057. 
^194. 



6161. 
7784. 
11189. 
22078. 



15695, — 
16300. . 

17859. 

1R90B. 

20256. 



16640^ 
17299. 

l"9002i 
*-2Dt49^ - 
21627. 



Ii085. 
13688. 

15269, 



24874. 
42491. 



2i64/. 
26709. 
"37^867 
46300. 



16347;- 

17749. 

19693. 

22693. 

2B520.~" 

42998. 
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APPENDIX F: ,HOW TO USE, CASH-FLOW COMPUTER PROGRAM 
AlfD" COMPLETE PROGRAM LISTING 

This program is constructed to coispute cash flow tables for sjoy 
parameter combination in our "semi-conventional" "fuUy-contingent" 
or "partially contingent" student loon programs. It has the capacity 
to solve for, by an iterative process, several different parameters 
in each of the 'three loan programs. This iterative process usually 
converges rather quickly (2-5 iterations) and is terminated after 60 
iterations if a parameter combination is infeasible. ,The program^, 
allows you to "stack" problems in \^ch any input paranuster may be varied 
(including the type of program - semi-conventional, fuliy or pjartiaUy 
contingent). 

The program is written in Fortran-IV, requires 60¥i Bytes of core 
on an IBM 3TO/ll*5 and takes approximately .1 to 13 seconds per problem, 
(depending of course on the parameter choices and nimober of interations 
required). 

It is strongly suggested that the user examine .closely -the program 
listing itself, since the extensive use of comment cards within the 
program covers the program logical flow more exhaustively than will this 
doeimientat ion . 

The required input to the program is very simple: One "data design" 
card which describes the general design to be in effect for the entire run 
one "survival rates" card which adjtists results for deaths of borrowers 
before the satisfaction of their loan obligation), a series of "income 
matrix" cards and one or more "problem parameter" cards ^Ich set all re- 
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maining parameters which are likely to vary from problem to problem. If 
the user is working with semi-conventional schemes only^ income matrices 
are useless and a program bypass should be inserted to skip the readings 
of the "income matrix" cards. 

The card layout for the data design card is; 



CC lr2 I DEC « 
CC U-9 GRDDEC « 

CC im3 DODEC = 

CC Ik^tS GROYR = 
CC 16^17 DOYR 
CC 18-26 LOANYR 



36-38 UPINC 



CC 39-i>l YRINCG 



CC kl'kk YRINCD 



# OF CATEGORIES IMTO WHICH BORROWING COHORT IS DIVIDED 
(IF USE DECILES, EQUALS iO) 

# BORROWERS IN EACH CATEGORY (DECILE) WHICH tAKE OUT * 
EQUAL LOANS FOR THE FUtL; BORROWING PERIOD (WE USE 9^1, 
IMPLYING 91 X OF EACH DECILE OF 10 BORROWERS GRADUATE) 

# BORROWERS IN EACH CATEGORY (DECILE) WHICH TAKE OUT 
EQUAL LOANS FOR dNLY PART (E.G. 1^ OF THE BORROWING 
PERIOD (WE USE..9> IMPLYING A 9 » DROPOUT RATE) 

LENGTH OF BORROWING PERIOD FOR "FULL-TERM" BORROWERS 
(GRADUATES) 

LENGTH OF BORROWING PERIOD FOR "PARTIAL-TERM" BORROWERS 
(DROP-GUTS) 

LOAN TAKEN OUT PER YEAH ( NOTE THAT BOTH FULL-TERM 
AND PAR-f lAL-TERM BORROWERS ARE ASSUMED TO TAKE THE 
SAME - EQUAL - YEARLY LOANS) 

# OF YEARS WHICH MUST INFLATE INCOME DATA FOR PARTIAL TERM 
BORROWERS SO THAT THEIR YEAR 1 INCOME WILL BE CORRECT 
( E.G. IF MAKING RUN WHERE THE FIRST IHCOME FIGURE I NPUT 
FOR PARTIAL-TERM BORROWERS IS FOR 1970 AMD NEED 1971 
AS YEAR 1 TO BE COMPARABLE TO THE FIRST. YEAR^F INCOME 
DATA INPUT FOR GRADUATES/ YOU WOULD SET UPINC TO 3) 
NOTE : ONCE FULL AND PARTIAL-TERM BORROWERS* INCOME » 
MATRICES ARE EQUIVALENT, CAN THEN INFLATE THEM BOTH 
PROPERLY , 

# OF YEARS OF INCOME DATA TO BE INPUT FOR 
FULL TERM BORROWERS (GRADUATES) 

# OF YEARS OF INCOME DATA TO BE INPUT FOR PARTIAL- 
TERM BORROWERS (DROP-OUTS) 
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DATA DESIGN CARD - continued 



r 

CC l»5-l»8 XINFLA > DECIMAL PERCENTAGE BY WHICH BORROWERS INCOMES SHOULD 

BE INFLATED DURING THE PERIOD SPECIFIED IN UPINC 

CC 53-59, CONVG« CONVERGENCE CRITERION : MAXIMUM PERMISSIBLE TOTAL 

OUTSTANDING DEBT FOR THE BORROWING COHORT i*f') - USED 
TO DETERMINE WHEN tO STOP THE ITERATION 

CC 66-6I* INFLAT = DECIMAL PERCENTAGE . BY WHICH THE CROSS-SSCT lONAL INCOME 

MATRIX WHICH WAS INPUT (AND INCREASED BY XINFLA) MUST 
BE INFLATED IN ORDER TO GENERATE AN INCOME- MATRIX FOR 
EACH YEAR OVER TH^ I R REPAYMENT PERIOD - SHOULD BE SET TO 
ZERO IF WANT INPUT THIS jNCbME-OVER-TlME MATRrx DiRECTLY 



Special notes on the data design card: 

(1) IDEC. GROYR. DOYR are integer variables and thus should he 
right-Justified vith no decimal point 

(2) All other variahles are floating-point (real) and should in- 
clude decimal points 

(3) UPIMC will normalOy he left hlank 

• (1*) INFLA also used to inflate full-term horrowers' incwnes appro- . 
priately over the period tAere partial-term borrowers have" 
quit hoxTowing, hut full-termers are still going (exaiiq?le - drop- 
outs horrow 2 years, graduates k years, so graduates' incomes must 
be inflated 2 years to position them 2 years' past- the drop-outs) 
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OJie card layout for the "stjrvival rates" card is: 

CC 1-6 SURRAT(l) - DECIMAL. PERCENTAtE OF BORROWERS WHICH ARE ASSUMED TO 

BE ALIVE (AND THUS ELIGIBLE TO REPAY) THREE YEARS 
AFTER FULL-TERM BORROWERS QUIT BORROWING (OR FIVE 
YEARS AFTER PARTlAt-TERM BORROWERS) (E.G. WE USED 
RATE FOR 30 YEAR OLDS S I NCE FULL-tERM BORROWERS ARE 
ASSUMED TO QUIT BORROWING AT AGE 27) 

CC 7-12 SURRAT(2) -DITTO r 8 YEARS AFTER FULL-TERM BORROWERS QUIT 

BORROWING ' . - 

CC 13^18 SURRAT(3) « 13 YEARS AFTER 

.ETC. 

CC U9-5ft SURRAK?) « ^3 YEARS AFTER ^ 
NOTE : IF IGNORING DEATHS , SET ALL tHESE TO 1.0 

Bote that these rates are sofiiewiiat specific to our design in that they 
aiBsuffle that partial-term borrowers a^t borrowing 2 years before full- 
term borrowers - see GRDPAY and DOPAY computations if want toneater this. 
If choose to ignore loan defaults by death of bo3?rower, set all these 
survival rates to lOOjIf (l.O). ^ . ' 

The "income matrices' ^ cards have the following format: 

(l) Pull-term borrowers (GRAOS) - Format = (5FiO.O) - 

Thus we had 2 cards for each year of income data (see YRINCG 
on data design card) Deciles 1~5 on the first card, deciles 
6-10 on the second card. Users should probably change format 
if not working with ten income classes. 
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(2) Partial-term borrowers (drop-outs) - Format = (8F1D.D) - 

Since we use equal incomes for all drop-out?^ within a single 

year, need input only one income figure for each year. Thus, 

the incomes for yearr jl -)n card 1, incomes for years 

9-l6 on card 2,^etc. For all years of income data being 

inpixt for drop-outs (=YRINCD on "data design" card) users 

should change this fonnat and the read statement itself if ' 

want to break partial-term borrowers down by income category. 

The "problem parameter". card has the following layout: 

-op. 1.2 GRACE ■^^^O^'^^^^^^n^.L^.O^nE^nE, 

CC k^S YRPAY = LENGTH OF REPAYMENT PERIOD ( # OF YEARS ) 

OC 7 IF.XED = QR FIXED- 

eC 8 ICONT - BLEM^USE A "FULLY-CONTINGENT" REPAYMENT 

ee 9 I PART = DOEyHIS^PROBLEM USE A "PARTIALLYrCOri^ 

CC 10 ITAU . - SOLVE FOR INCOME TAX RATE ( TAU ) ?: ( YES - 1 ) 

CC 11 ICOUP = SOLVE FOR RATE-OF-RETURN IN .A FIXED REPAYMENT SCHEDULE ? 

SCHEME ' cnJic i?oJi^iJ^'^ PARTIALLY CONTINGENT 

COUm Ra¥e'' t?E'?ABirL[§S f''^"' '''' '''' 



ERIC 
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PROBLEM PARAMETER CARD - continued 



REPAYMENT SCHEME I TAU I COUP VARIABLE SOLVED FOR 
»***********************************^« *************************** ********* 



SEMI -CONVENTIONAL 0 0 
SEMI -CONVENTIONAL 0 2 
FULLY-CONTINGENT . 0 
FULLY-CONTINGENT . 1 
PARTIALLY-CONTINGENT 0 0 
PARTIALLY-CONTINGENT 1 
PARTIALLY-CONTINGENT - 1 



START 
IN RATE (COUPON) 
INRAT.E (RETURN). 
TAU 

INRAT.E (RETURN) 
TAU 

START-INRATE (COUPON) 



CC 15-2U TAU » INITIAL. GUESS AT TAX RATE ( MEANINGLESS IF IFIXED = 1 , 

WILL REMAIN AT INITIAL VALUE UNLESS ITAU '.1 ) 

CC 25-31* INRATE « RATE-OF-RETURN ( INTEREST RATE ) IN ANY OF THE THREE 

PROGRAMS ( IN PART^I ALLY. CONTINGENT SCHEME WILL EQUAL 
TOTAL PROGRAM RETURN WHILE SOLVING FOR THE STARTING 
PAYMENT OF THE FIXED REPAYMENT SCHEDULE » THEN WILL 
EQUAL THAT PROGRAM'S COUPON RATE AS THE DERIVED STARTING 
PAYMENT SCHEDULE IS PLUGGED INTO THIS SCHEDULE ) 

CC U0-i»5 OPRATE = OPT-OUT RATE ; RATE OF RETURN REQUIRED FROM A BORROWER 

WHO SATISFIES HIS REPAYMENT OBLIGATION EARLY 
( BEFORE END OF SPECIFIED REPAYMENT PERIOD ) - IN A 
FULLY CONTINGENT PROGRAM ; NOT USED IN EITHER THE SEMI- 
CONVENTIONAL OR PARTIALLY CONTINGENT SCHEMES 

CC 50-60 START = PAYMENT MADE IN THE FIRST YEAR OF THt REPAYMENT PERIOD 

BY ALL FULL-TERM BORROWERS ( I.E. GRADUATES ; DROP-OUTS 
PAY HALF OF THIS. SI NCE 'ONLY BORROWED HALF AS MUCH ) 
NOT USED IN FULLY- CONTINGENT PROGRAM- 



CC 65-70 GROW » ANNUAL DECIMAL PERCENTAGE GROWTH OF PAYMENTS IN 

. FIXED REPAYMENT SCHEDULE (IN SEMI -CONVENTIONAL SCHEME OR 
AS ONE OPTION OF PARTIALLY CON INGENT PROGRAM) 

CC 7| lADV - MARKER FOR PRESENCE OF ADVERSE SELECTION CARD 

. (T - YES^ F » NO ), 

CC 73L PRTINC « DO YOU WANT INCOME MATRICES PRINTED ? ( YES - 1 ) 

CC 73 I STOP - STOP ITERATIVE PROCESS AFTER FIRST CASH FLOW COMPUTED ? 

( YES - 1) 

MO 

CC 7I» PRTDEC « DO YOU WANT CASH FLOWS PRINTED FOR ALL DECILES ? («M1) 



CQjgLErE PROGRAM USTIM 
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THIS PKUbKAM MAY BE USED TO GENERATE THE CASH FLOWS WHICH RESULT FROM 
VARIOUS ASSUMPTIONS ABOUT THE FlNAlClAL ENVIftONHENT%'3TODlWTT>lkinTCIFmW 
ETC. ENCOUNTERED IN A MEDICAL STUDENT FINANCIAL AID PROGRAM. THE PROG RAM ALSO 
HA S ^TTi E Am 1 T Y TO ArAftY"lJI*¥"PATrA«ETT«'.~HDLDING ALL OTHERS CUNSlANf , 
UNTIL THE AID PROGRAM I S VIABLE t UE« ♦* BREAKS EVEN " IN THE SPECIFIED 
TIME PEK r UD. T rifc PRO GRAM IS CAPABLE WURKANG 

SCHEMES - , - - 

SP'ECTF r ED^CONS TXN T ' R AT E ' 0 V ER T H E 



T HE PROGRAM IS CAPABLE 01- WURK.ANG HUH IHKbk UiFhfaKfcNi LUan 

(I) A semi-cqnvIntIonal scheme where repayments grow at a 

TONSTANT rate oi/^R kErAYMBTTTERTOd" 
REPAYMENTS ARE DETERMINED SOLELY BY APPLYING A ... 
~~BDT*liDFERS"~WCLWrT)WR" THE""REPATMENT PERIOD t AND-TJT A SCHEME OF £A£jLLflf~ 
C QMtlNGENCY tWHERE EACH BORROWER REPAYS EACH YEAR EITHER THAT AMOUNT REQUIRED 
I hA I RhUUlRbD AN Ul t WHICHEVER A MOUNT IS LOWER . 



, 12) A SO^EME WHERE 
CONSTANT TAX RATE TO THE 

TJND" 



C 



jN TS TrtyiREITTRf USER WlLT:"SOCVt FUR iHh ^ULLUWANG PARAMETERS 



C — IT r T:riWVFNTTD[^aT «;rBFWF - Tri-mrqFy FOR THE~lNlTr«r-pt1rMENT, TO WHtCH-THE- 
C GROWTH RATE MAY^ BE APPH EO TO GENERATE THE TOTAL SER IES OF REPAYMENTS 



C — UK tBA SULvbS FUR IHb INlhKbSI RAIE InHLlCiT IN A Gl Vbw 51 aKI IWb, fAYHENT 
C AND GROWTH RATE OF J^£**AYMENTS 

C (21 FUL^Y CONTINGENT SCHEME - (A) SOLVES FOR THE TAX RAT E WHIC H I'S 'NECESSAR Y 
C — TO^HltVl IWk litUktIi UtfUkNTJR rffJ- TTiE"lNlbRfcSI RAIt WMiC»l CAN" "Be CHARGE D," 
C REPAYMENT S GIVEN A TAX RATE 

c '■ 

C (3J PARTIALLY CONTINGENT SCHEME 

C (Ai SOLVE FOR THE RETUR N GENERATED, GI V EN A T AX RATE AND A CCNVENTIONAL 

-REPAYMbNI SCFTFDOCF ' ' : ^ 



IT 
C 



T O I T ERA T IONS O F OifPeRENT PARAHC T gRS 



lb) :>ULVt: FUR I Hc T AX RA T E NECESSaR T T O ACHIEVE T HE GIVEN RE T UR N , GIVEN A 

C. CCNVENTIONAL KEPAYMfcNT SCHEDULE . 

C (CJ SOLVE FOR THE STARTING PAYMENT CF THE FIXED-REPAYMENT SCHEDULE, 

X. — rfrerrTOR-THE ITfTERbST RA TE I M P L -ICrr TN THAT- SCHEDULE " 

C ^ 

"C Iriii HKUoKAri inuULu 6E bASiLT AuArl.IoLE 
C 

r "TROGRATr VART^AEtES-r 
C 

C A. FI N aWCTffL-TnrT kUGRAH M 
C 

rr— 1. LLNVbNtlONAL 

C 

c 

C B. ITERATING FOR RETURN - SET IF IXEO»1,ICO..NT»0, IPART«0, ITAU«0, IC0UP«2 

r— FOLLT-CONT tNCENr -^ " " , ~ 

C A. ITERATING FOR RETURN - SET ICONT«l, IFIXEO-0, IPART»0, ITAU»0, ICOUP»0 



A. ITERATING FUR STARTING PAYMENT - SET IFIXEO'l ,ICONT*0 ,IPART»0 , 

-TTA us 071 C OUPSXT"" 



tr 
c 

C 

c 

c- 
c 



B. I T ERA T ING FOR T AX RA T E -* SET ICUNT*l, I P IX e OaO,I P ART»0,ITAU^l, ICQUP-^0 

3. PARTIALLY CONTINGENT 

a--X7tHATrNG--pJR R ET UR N-*"S€T- WW Tsrt , WX€D«0 , ICONT»0, ITAw'O rlCOUP^ — 

8. ITERATING FOR TAX RATE - SET iPART*l, ITAU=1 ,ICONT«0, IFIX£0«0, ICOUP=0 

C-. - 1 T€««Ti^^ FOR STARTING PAYMENT lANO CGU f OW RATE) - SET IPART»li 

ICONT»0,1FIXEO«0, ITAU«0 ,IC0UP«1 



C B. INPUT PARAMETERS TOR Pj^TA DESIGW SEE OELO W 

C _ _ 



ERIC C C. INCOME OATA (INPUT VIA DATA CARDS) 



A 3an5)le input deck for a rxin with 3 problems might be: ■ 



I PROBLEM PARAMETER CARD jfj 
PROBLEM PARAMETER CARD #2 



PROBLEM PARAMETER CARD )fl 
DROP-OUT INCOME MATRIX CARD 

GRADUATE INCOME MATRIX CARD 



SURVIVAL RATES CARD 



DATA DESIGN CARD 



C~ 1." UUINC - INCOMe BY OfcCILE FOR DROPOUTS FROM AGE 25 TO 64 f 1970--2010I 

C_ 2. GRDINC - INCU KE BY DECILE FOR _GRADUA TES FOM AGE 27 TO 64 a970- 2008 ) 

^ -112- 
C D, REPAYMENT VARIABLES : 

c 

1» DCONT - INTERMEDIATE VARIABLE kHlCH SPECIFIES A REPAYMENT REQUI RED 
C ' " FRUM A DkOPOUT" UNDER CONTINGENCY" CPTI'ON 

^•_C/i.XEC_- INTERMEDIATE VARIABLE WHICH SPECIFIES A REPAYMENT REQUIRED 
C FROM A DROPOUT UNDER CONVENT IITNAL' REPWflnENT"ST:WEH"E 

C 3. OQPAY - FINAL PAYMENT ARRAY CONTAINING ACTUAL REPAYMENTS TO BE MADE 

C bY DROPOUTS IN EACH OF THE TEN DECILES IN £ACH OF THE YtARj* UF 1Mb AID 
C PROGRAM _ 

C'7 4. GCONT - SEE DCONT (GRADUATES) - — - - . _ 

C t>. GFIAED - SEE DFIXEO (GRADUATES) 

C 6. GRCiPAY - SEE O0PAn'5RAWffTF5T 

C 

C E. CASH-FLOk VARIABLES 

C_ _ 

C I, CFLOW - TdfAL'CASH FLOW TRE PAYMENTS LESS NEW LOANS AND fNTfRl^nJDEmFDTT 
C YEAR . 

c zv^mme - interest Dut~ffr^TE~ENO tjf^hfteait-on past loans, present luah 

C AND PAST BORROWINGS TO MEET INTEREST CHARGES 

X 3. LCAN - LOAN bXl ENDbU AI 1 Hb BbGlNNiNb UF I Ht YEAR : — 

C 4. QSDEBT - OUTSTANDING DEBT AT THE END OF THE YEAR 

C T. PRTNPD - FHAT TDRTTDW"OF~rrAPnS"RtPl^YH fcNTS wHiCh AKb APPLib D fO T HE 

C OUTSTANDING PRINCIPAL OF THE LOAN. 

t 6incmy ' i^mymfrs-vmE-iij TRE-ENmjr THt ye a r 

C 7« TiJTLON - TOTAL LOANS EXTENDED tPAST AND PRES ENT) 

X B. TOTFPD - iUJAL PKi.N(.lPAL FAlU IN ka:)! YbAKS tLicUJCIEu rKun LUAraS 10 Gb'i' — 
C BASE O N WH ICH INTEREST MUS T BE C HARGED) 

C F. MISCELLANEOUS VARIABLES : 

C I. BORR - TOTA L # OF BORROWERS (GRADUATES AND DKOPOUTS) PARTICIPATING IN 

"C LUAN PKUukAn -= ■ ■■ 

C 2. OEATHOfDEATHG - CUMULATIVE « OF DEATHS FOR EACH YEAR AFTER REPAYMENTS 

C ^~ ITEFFN FOl*: tJROOT^ GrAWATES " 

C 3. ENDPAY (=LAST) - LAST YEAR THAT REPAYMENTS WILL APPLIED TO CASH FLOW 

c CAteiTL Arrows : 

C 4» IMARKtJMARK - ARRAYS WHICH KEEP TRACK OF WHICH DECILES EX ERCISE 

"C UUN1 INbbNtT UFIlUN IN IHb HAKilALLY CUNIiNGcNi KbHAincNi StHkME (FOR 

C GRADUATES AND DROPOUTS) 

5. LA^TD - LASTHTFAR OF Rt?VYMbNIS TT^R DRDFOUTS 

C 6« LASTG - LAST YEAR OF REPAYMENTS FOR GRADUATES 

C ~~^T."UP ^ CPt-GUT RATE EXTHfESSbU AS A PERCENT 

C B. OPYEAR - YE AR IN WHICH EACH GRADUATE DECILE OPTS OUT 

X:^ 9. REQRT - iNILKbSi KAlb (RblUKN) bAFKbSbbU AS A kckucni 

C 10. SAVE - THE FINAL OUTSTANDING DEBT RESULTING FROM THE PREVIOUS ITERATION 

C Tr.~SURWfSQRVe - IFmmEDlATF VARrag LES I NDIUIiNG » UK SUHV ' .VU trS — ' — 

C AT BEGINNING OF EACH OF THE FIVE YEAR "DEATH PERIODS" - I ' oO AS 

C — BASE ON~WHTCH DEATH RATES ARE APPLl^ ^ — 

C 12. XGROW ' GROWTH RATE OF CONVENTIONAL REPAYMENT SCHEDULE EXPRESSED AS A 

Z PbKtbNi : ■ 



DIMENSION SIN(2) fSST(Z) fSTAU(2) 

: RTAI- LOANYRT, INRATEiXnAirrW) t l NT D UE(-4T71 fTNFtAT ' 

INTEGER GRUOP (10) f DGCP ( 10 )f PRT INd PRT DEC 

TNTEGER: GHArFilf RPAYtdPY E ARdO) teNDPA Y » U M N C ,GRA C 

INTcCER GRCfR.DOYR, YRINCGfYRINCO^ ^ 

UlMbNSiUN OKUlNCCtu t'»0)tuCiWCUOt40)»GROPA r (10»40),O O PA Y flO,40r t 

1 REPAY(40)f PRINPO(40)»CFLdW(40) fOSDEBT(4X)) 

U I MbNSIU N^0RKATT9 ) ,DEA T H Ct< OI »OEArH& (40| — " 

DIMENSION TEMP(5f25) 



UI.M£N$4L.N lMARK(i0t40) 
OlMtNbiON JHAkK(ldt40T 
UiHENStON W(iO) 
tObiCAL lAUV 



-113^" 



DATA DtSIbN CAKO " 



c 

c 

c 

c 

c 

cr 

c 

c 

c 

XT 
C 



Wnr CATEGCTRTES IHTO WHICH BORROW ING^CDHORTTT DTVIOEXJ 
(IF USE DEClLESt EQUALS 10) 



CC 4-y 



GRDOEC = # BORROWERS IN EACH CA TEGORY lOECILEI WHICH TAKE OUT 

EUUaL LLAnS t-UK iHt hULL BUkkUWInv* HbKiUU (Wb USE v.it 
IMPLYING 91 OF EACH CEC ILE OF 10 BORROWERS GRADUATE) 



CC H-13 DODEC = # BCRROWERS IN EACH CATEGORY (DECILE) WHICH TAKE OUT 

EQgjl^X0fli«5 TXJr ONLY TAKT 4b,b.-T72T"0F~-THF~50RR0WlNG 

PERIOD (ME USE .9, IMPLYING A 9 % DROPOUT RATE) 



CC 18-26 LUANYR = LOAN TAKEN OUT PER YEAR < NOTE THAT BOTH F'JLL-TERM 
* 7^ l^nj-pARXl AL-TERM -aORROirERr-IHtE "VIS SUMEO TO-T-ftKt- Tflt 



C 
C 
C 

Tr~ 
c 

t " 
c 

x:~ 
c 

X— 
c 

u~ 
c 

XT- 

c 

-c— 
c 

x~ 
c 

C" 

c 
c 
c 

c 

X— 
c 

X— 
c 

C" 

c 

X— 
c 

t - 
c 

c~- 
c 

X— 
c 



CC 14-15 GROYR = 



LENGTH OF BORROWING 
X GRADUATES! 



PERIOD FOR "FULL-TERM" BORROWERS 



XC~ 16- lT DITYR 



^CbNGlHOF 
(OROP-dUtS) 



SAME - EQUAL - YEARLY LOANS) 



36-38 UPINC = # OF YEARS WHICH MUST INFLATE INCOME DATA FOR 
— — — dukKuwEkS so T HA T t heir YEAR I INCOME WILL 



PARTIAL TERM 
Be CORRgC T 



( E.G. IF MAKING 
F OR P AR T I AL^ TERT^ 



RUN WHERE 
BORROWERS 



THE 



FIRST INCOME FIGURE 
ti ro A N D N EED 



AS YEAR L TO 
DA T A IN P UT 



BE 



FDR— 

CeMP*R*BXE-X0-fBj7FlRST YEAR OF 
HuULp 



INPUT 
INCOME 



>UK OKAUUAItdt TUU 

NOTE : ONCE FULL AND PARTIAL-^TERM 
MA T RICES ARE EQUIVALENT, CAN THCW 
PROPERLY 



BORROWERS* INCOME 
iHfLATe TMEM BOTH 



CC 39-41 YRINCG = # OF YEARS OF INCOME DATA TO BE INPUT FOR 
TER M B O W^ OW E RS I GRADUA T ES) 



tC YKINLU ^ # UF YEARS UF INCUnE DA T A T O BE IW r u T FOR PAR T IAL- 

TERM BORROWERS (DROP-GUTS) 



CC 4!>-48 XINFLA = DECIMAL PERCENTAGE BY WHICH- BORROWERS INCOMES SHOULD 
iMf-LA T E D DURING T HE PERIOD SPECIFICO IN U»INC 

LC bi-i>9 CiiriVto — it CONVERGENCE CRI T E.^ION : HAXIHUB PERMISSIBLE T O T AL 

OUTSTANDING DEBT FOR THE BORROWING COHORt (♦/-O - USED T 
OU TST ANDING X)£3 T FO R T HE BOR R OWT NG COHORT " 



TO DETERMINE WHEN TO STOP THE ITERATION 



CC 60-64 INFLAT = DECIMAL PERCENTAGE BY WHICH. THE CROSS-SECTIONAL INCOME 
MATRIX Wf i lCH WAS INPUT (AND INCReASED BY XINFLA) MUST 



BE INFLATED IN ORDER TO GENERATE AN INCOME MATRIX FOR 
EAC H Y EAft-trVER-ttter R REPAYMENT PERIO D * S K OULa B E SET J tt 
ZERO IF WANT INPUT THIS INCONE-OVER-TIME MATRIX DIRECTLY 



CC 1-6 SUkRATtl) = DECIMAL PBRCENTAfti OF aOKRO'WERS WHICH "ARE ASSUMED fCT"" 

_ _^ BE ALIVE (AND THUS ELIGIBLE TO REPAY) THREE YEARS 

C AFTER FULL=TER"M "bu RROWlK "STljOl T~BCmD W I Hi» I OR"nVH""^li*- 

C YEARS AFTER PARTIAL-TERM BORROn'ERSJ (E.G. taE USED 

C ~~ RATE FOR y£AR OLDS SINCE FuLL-l£KN BUKKUWEkS ARE 

C *A^^^J.9..I9JiUlT BJRROK ING AT AGE 2 7) 

__„JiL S oRRAT(2) = DITTU - 8 YEARS- AFTER FULL-TERM BORROWERS QUIT 

C - - . "WRROwrNG : 

C 

C CC SURRATU) = 13 YCAftS AFTER — - 

C 

C ' ' — ETC. ~ 

C 



c 
c 


CC ^9-34 6oRkATt9) = 43 YEAfifS "ATTET 




G 


NOTE : It IGNORING DEAIHS , SET ALL THESE lU i.O 




KtAU IStyVil iUtttOKUUtLtUUUfcCtbRUyRtOQYRtLDANYRrUPINCt " ~ 
I VRINdGtYRINC0tXINFLAtC0NV6tINFLAT,INCYR,(SURRATn)tI=lt9) 




I 9Ffc^6) 


14,/, 


C 

c 


FILL FULL-TERM BURRCWERS IGRAUUAIbS) iNtbMt mAIRIX - FXFbt 1 S 
DATA FOR ALL (I DEC) CATEGORIES WITHIN EACH YEAR i NOTE s MAY 


BE CROSS=- 


c 
c 


SECTIONAL OR *OVER TIME", "DEPrNXS^TNG W. VALUE OF INFLAr 
AGE 27 ON (BEGINS WITH YEAR FOLLOWING GRADUATION) 




c 


READ ( li.BOU) ( t GRDINC ( 1 1 J) t 1=1 1 lOEC ) t J=l,YR INCG) 




r 


IF (VRINCC .EU. 0) G(j iU 666 




c 
c 


FILL PARTIAL-TERM bCRRCwEftS TORXfP-ODTS) INCOME MATRIX 
AGE 25 (JN (BEGINS WITH YEAR FOLLOWING DROPPING CUtj 




L ■ . ■ - — . - ■ - — 

READ (3fb0i) lUCINC(l«J)tJ=ltYRINCO} 


u 
C 


NOTE : THESE TWO MATRICES WILL BE USED BY ALL PROBLEMS WITHIN 


THIS RUN 


c 






c 


BORR : TOTAL NUMBER UF BORROWERS (FULL-IERH AND KAKiiAL-IERH 
AND UROP-OUTS). IN THIS SET OF PROBLEMS 


— GRADUATES " " 



c 

^ HI! 9^ INCOMES — PROGRAM READS INtOMES OVER TIME FCR BOTH GRADUATES AND 

r "TmiiFouTs'issTrF morrrTOirTNFLATE graduaies' incom e s for i wo years, yuu — 

C HAVE APPROPRIATE INCOME DATA FOR A CLASS WHICH ENTERS IN 1969 WHERE DROPOUTS 

C bEGlN RfcPAYMhNia IN iv/i (oa SEU UN iV/0 INtUWhSl ANU GKALUAIES BbblN ^ 

C RE PAYMENTS IN 1973 (BASED ON 1972 I|i>ICOMES) . FOR A CLASS ENTERING IN 1972, 
r' iHt VARIABLE WITC"5HDtTnJ~Br 5ET~ETO5 r T O i, I U ~f NFLAtb ine INCUHkS HRUPERLV ^ 

C " " 

r pi«rrrAr TtR fr bukruwers-^re assumed t o h a v e equal iwcunts wi t hin a given 

: AGE BRACKET - NO DIFFERENTIATION BY CATEGORY lOECILEI 

c 

IF (OOOEC .EW. 0) GO TO 3 

DO 4 I'Tt'TDtC 

DO 4 J=1,YRINCD 

U0INC(I, -3T SU CI NC(1,J | 

4 CONTINUE 

C INFLATE PARTIAL TERM BORROWERS* INCOMES 



UO'SU*) J=l,YRlNtD . . 

oomn , jr=Dci NCi i ♦ j)»r (i .o^xinfcaj upimci 

505 CONTINUE _ _ ^ . . 

3-~C0'KTTNW " 

: INCOHb UVbR nWb Hik DRUPUU t S BbGlNNlNl* iN i*i^U 4- VALtk UH UFINL 



IF (INFLAT .Eti. 0) GO TO 666 „_ „ 

Da~665"T=If lUEC 

00 665 J=1,YR1NCD , 

665 D(JlNHi,J)=tjUlNL(l,Jl*(li. O»iNHAIi*»iJ-i)i 

666 CONTINUE . 

TiC^Hr"FW"l?RTOUATlW"CDfS-S"^^ 



00 5 J=i,YklNCG 



GRmC (l,J)=GkUiNttI,J)*ni.U*XlNHAi»»iUH iNWKLfK~UUyKJi 

5 CONTINUE ■ - ' 



C"' 

c 

C" 
C 



IF CROSSES bCT I ONAL DATA HASBEEN INPUT i INFLAT > 0) , INFLATE TO INCO MES 

- UVbR~ri"HE ~ - - - 



Ih ilNHlAl .EU. U) GO 10 66 7 

DO 6 l = lf lUEC - _ 

UCF'fa ■u='lTYRTNCG " 

6 GRO INC ( I , J ) =GRD INC ( I,JI* ( ( i,0*lNFLAT) »♦< 1 
66/ tONTiN UE ~^ 



C 

JT 
C 

T 
C 

X~ 
C 

TT 



tUHHUIb NUHbfcK UF UEAIHb FUR EACH UF kU POSSIBLE REP AIHbNr YEARS 
CFOR US f AGES 25-64 ) ■ 



lf~50TtVTVDT?y r iNll IAL~ 
AND PARTIAL TERM i 



r RUWEKS BfcUNNiNb - BU I H FULL =TERH 



SURVG=GROC£C 

■sukvu=uuotc"~ 

DO 8 I-lf6 

H« I *5 

N=M-4 



00. 7 JgK,W 

DE ATHG < J ) = C . 2 ) * ( 1 . 0-SURRAT ( I l)»SURyG 

BE AT HU 1 J | «(.2I»(1 » 0-SU RR ATrn I *SOR VO 

7 CONTINUE 



SINCE SURVIVAL RATES GIVEN IN FIVE YEAR INTERVALS i I.E. SURVIVAL RATE # I 
IS GIVEN AS A PERCENTAtib UF THOSE LIVING IN Y EAR I, SURVIV AL ^ATE AS A % 
OF THOSE LIVING IN YEAR 5 I , MUST CONTINUALLY UPDATE SURVIVORS BEFORE 



C 

X — 

C 

X COWPUTTNG""D L AT HS FOR NEX T 5 TEARS" 

C 



-SURVG= StJRVXr^rtTE ATHG1 
SURVD=SURV0-(DEATH0n*5)*5» 



C 

X' 
C 



B CONTINUE ■ ■ 

— CON VE RT^ urmr ifRRAr ^rtr-A- ctjiwrArrvE-Dt^TH count 



-XJO-T-t^ZT^-Q 

OEATHGC I )=DEATHG( 1 1 ♦DEATHGC I-U 
OETATHOM t^^OEATHDl I ) ♦ OEATHDt I ' ll 



9 CONTINUE 



L P.HCj.6H:jMI PAftAMETfcB CARD : _ _„ 

C 

C C£ L-2 ORACE - GRACE PERjOp, ?_ * 0 F VEARS, AFTER_l. AST LOAN BEFORE -ll6- 

C REPAYMENTS MUST "btGlN " ~~ "~ ' ' " . - ' ■ 

C 

C CC ^ YftPAY = LENGTH OF REPAYMENT PERIOD ( » OF YEARS ) '■ 

C ^ _ _ _ _ 

C CC 7 iFIX£L =" DOTS THIS PROBLEM USE A "SEMI-CCNVENT 
C REPAYMENT SCHEME ? i Y ES = 1 ) 

c ' ' ^ ~" '■ 

C CC d ICUNT = DOES THIS PROBLEM USE A "FULLY^CONTINGENT** REPAYMENT 

C SCHEME { YES = I ) 

C . 

C CC 9 " IPART = DOES THIS PROBLEM USE A "PARTIALLY-CONTINGENT" REPAYMENT 
C SCHEME ( YES = L) 

C ■ 

C CC 10 ITAU = SOLVE FUR INCUME TAX RATE i TAU ) ? < YES = 1 ) 

C _ - - . 

C CC ii ICCiUP_ = _SOLVE FOR RAT E-OF-RETURN IN A FIXED REPAYMENT SCHEDULE ? 

^ ^-^£3 ^T/ZS "^(W muTCT^ iJi k PARTIALLY CONTlNG^^n 

C SCHEME , KILL SOLVE FIRST FOR STARTIN G PAY MENT^ THEN FOR 

C "COUPlTfrRATE - SEE TSBLE BELOW ) '~ " 

C 

C RfcPAYMENT SCHEME TTKQ ICOUP VARIABLE SUbVtU FUK 

„ ^ jQ^^.^- -Q. blARl -■ 

C SEMI-CC NVENT IdNAL 0 2 INRATE tCOUPON) 

C " WLLY^tONTINGtNT a~~ - INKAIt IKfclUKN) 

C FULLY-CCNTINGENT I - TAU 

r PAk l lALLV-tUNIiNohW i U 0 INKAik IRk r UKNI ^ ^ 

C PART IALLY-CONTINGENT I - TAU 

Z PARI lALLY-CUNriNGkNI 1 STAKT-iNKATb (LOUPONI 

C 

C CC 15-24 TAU = INITIAL GUESS AT TAX RATE I MEANINGLESS IF IFIXED ~ 1 t 

X ' Will KcnAin A I iNiilAL VALUE UriLtSS II'AU * 1 ) 

C 

C CC" INRATE » RATE^CF-RETOR^ T INItRfcSl RATE I IN ANY OF IRE THREE " 

C PROG RAM S i IN PARTIALLY CONTINGENT S CHEME WILL EQUAL ' 

X TDTSt HK06RAM rEtUrN WHiLfc SULvlNti FUR FHt STARTING — 
C PAYMENT OF THE FIXED REPAYMENT SCHEDULE t THEN WUL 

T bUUAL THAI PRUGKAM* S LuuKtN KAib AS iHb UtKlVkU SIAkI InG 

C _ _ _ PAYMENT SCHE DULE IS PLUGGED INT O THIS SCHEDULE I 

C - . - . . . , , . 

C CC 40-^5 OPRATE = CPT-CUT RATE ; RATE OF RETURN REQUIRED FROM A BORROWER ~ 
^ . SAIlSFiES HlS~RbPAYMbNl UULlGAIlUn EARLY ' : 

C ( BEFORE END OF SPECIFIED REPAYMENT PERIOD I - IN A 

T FULLY CUWIlNGbNI PKUGKAM i NUI USbD IN bllKER T HE &EM1- 

C C CNVEN TIO NAL OR PA RTIALL Y CONTINGENT SCHEMES 

C CC 50-60 START = PAYMENT MADE IN THE FIRST YEAR OF THE REPAYMENT PERIOD 
^ . _ BY ALL "anrc ^l ERM BUKRUWEKS C I.b. GRA D UA T ES ; OROP-OU T S 

C PAY HALF OF THIS SINCE ONLY BORROWED HALF AS MUCH I 

X NUI UbbU IN HULL S - CON T IWGSW T PRuSRab ' ' ^ 

C 

C CC 65-71 GROW « ANNUAL DECIMAL PERCENTAGE GROWTH OF PAYMENTS IN 

r — ' FT XtO KtPAYMENT SCHtOULfc tl N SEMl-CONVeNTI O NAL SCHEME OR 

C AS ONE OPTION OF PARTI ALLY CONT INGENT PROGRAM) 

X CtTTZ DTDV « MAKRbK FUR PRbSbNCb OF ADVERSE SgLgC T ION CARD ■ 

C (T * YESt F « NO » 

C eC W PhTlNC « OO'YOO WANT fNCUMI MATR.ICES PRl'NTEd ? ( YES 



C ^ X'C rS" " liTOP ="JTCP TTERATIYE"P1?CCES'S AFTER FIRST CASKTFtLW CUHHUItU"? 
C ■ { YES = I) _ 

C CC 7^ pKlDfcC « OG YCU wANT CASH FLUnS PRINTED FOR ALL DECILES ? «YES=1) 



kEAU •(!>, Vo6 ,tND=y89) GRACE, YRP AY, IF IX tD, ICONT , I PART , 1 TAU, ICCUP, 
XTAU, lNftATt,L'PkAT£#START,GROk,lADV 
X,PRTIf\iC,lSTCP,PRTD£C 
9ad F0WAT"~ri2, IXi 1 27ir,4Tr, 11 3t,2FlO.O,5XTF6".W4XiTrntn4X,F6.-OV 
X Li,311i 



r 
c 
c 
c 



CC 73 



= DKLly>AL PfcRCENIAGE UF EAC H UbCILb WHICH IS PARI ICIPAI iNG 

IN PROGRAM ; INITIALIZE TG 100 % , CHANGE BY ADVERSE 
"TEUECTia^-XARrTRTAD IF lAUV = " TRUE"^ ' 



OO^rODX)" T= I , TDEC 
1000 M( Ii=l. 



C 

C" 
C 

XT 



AUVkKib itLbCllUN CARD 



CC l-a k»(.l) 



= PPCPCRTION OF DECILE 1 PARTICIPATING IN PROGRAM 

~r"AyprT^ t u Bo r H "Tput and partial- t erm BtmRowEKS- 



c 

^: 

c 



"CC — ^-L6 = UfctlLE Ui — 

CT 73-ffO w C lOT ^D EC irE ITOT 



TFHTAW) READ VCfOl^iW 
lOOo FORMAT (loFB.O) 



C~ 
C 

C 



Sm = TOTAL FRACTION OF THE BORROWING COHORT UGR0bEC>DUDEC)'«'10) PARTI CI- 
FATING m PRirG1<a?r-rTjyED~ LA T EK TtTtOHFt iTE T O I AL LOANS E XTEN D EO-I 
BORROWING COHORT 



1003 SU=6. 



uu iuu<; i=i,i.utL 

1002 sw=s;w>wu) 

BtJRR:¥TGRXrCEC*tJODEC J"*SII 

LAST ^ LAST YEAR OF REPAYMENTS BY BORROMlMG COHORT 



C 



xr 
c 



LASf=GRDYR*GRACE*YRPAY 



LASTU = LAST YEAR OF REPAYMENTS BY PARTIAL-TERM BORROWERS (DROPOUTS) 



LASTO=UOYR*GRACE*YRPAY 



LASTG - LAST YEAR OF REPAYMENTS BY FULL-TERM BOfiRCWERS (GRADUATESI 



C 
C 



LASTG=LAST 



XGRCW » % GROWTH OF PAYMENTS IN FIXED REPAYMENT SCHEDULE (FOR PRINTING 

PURPOS-E^I ™ •■ — 



XGRpWgGftuW*100.6 

tip- 3f T C!P:T-t3UT KATt-^CR PRttirtNG mm P OS E S ) 



C 

c 



-dt»sOt»KAT-£^lOO.O 

TAU=TAU*((LOANYR*GRDYR)/1000.) 



M«l»GRACe 

N«it6RAC£ 
tW^feASTO-CtfOYR 
NNsMSrTO-DOYR 



JY.fcAR=lV70*UPlNC _ -• ^ 

PklNt INCUMt MATRICES IF DtSlktU iPKlNTS UNU IH<JS6 INCOM^^^^^ 

CUMPUUNG KfcPAYMENTS, l,t. ONLY FQK THfc YEARS WHICH ACTUALLY ftU WITHIN 

THE kUPAYMhNT YEARS ) ■ HS- 



IRPRTINC.eU.iJWRITE (6,9041 J>(etA,llGRDWCJlfJJj_l=Jjl^^^ 
JYEAR=i972*UPINC -~ . ^ 

IFIPKTINC.hU.l ) WRITE ( 6ji.904 1 JYEAR ^ U pU I^NCU , J )j I<1 
21 CQNTInUE . 



REgRT = i INTEREST RA TE (fM Pkl.'^TlNG t>UkPUSkSi 



RTURT^iNRAtE* 100.0 

Talcul Are R EP AY mnt Tcriioinxs~~FWTor oKTLTS-T)F-5irADWET"AT«D-Tmxn»p 



00 



20 
10 



I=1,1CEC 

Jflf^O 

GRDPAYi IVJ)=0.0 
bjjpAYtJt, J)=0_.0 

lIoanTjI =0.1)" ■ • ■ 

JMARK ( I ,J)=0 



10 CONTINUE 



C 
C 
C 
C 



TlilAL PAYMENTS 

"TAX"RAitr"*~T"~ 



FOR DECILE UNDER 
'0P~ PARTICIPANTS 



CONTINGENT 
THE 



TN 



SC HEME 
WCITE 



EQUAL AVERAGE INCOME ♦ 



M=GRCyft*GRALt+l 
N=DO YR+GRACE+ 1 _ 
~D0'l9 J=M,LATTG 

;k=j-grdyr 



GF IXEU= ST ART* ( ( 1 .0+GROW ) **U>rt) )♦( (GRODEC-OEATHGt K»2) I^WU ) ) 

IF (ICIJNI .kU. i r GRUP AY II, J l=GCUN I ^ 

IF (IFIXED .EU. li GRDPAYd, J)=GFIXED 

"Gfnjp"A?TnTy^s»rra'GC0T^T7GFTXEOi 




yp-X I P AR T ."Ew . "TT 
ONIJETTFARTrar CONTTRGET«rrrTCEEr Tin«^ 

FUR USE IN LATER PRINTING 



IF (IPART 

"ig CTjNT-TNirE" 
IF iUCJDEC 
DD 



.EU. i .AND. GRDPAYd, J» .EU. GCONT) IMARK(I,J)«i 



'Z2 
KaJ-OOYR 



.EU. Oi 

J^NTLXSTU" 



GC TO 20 



- ^ 



0C C KI=UiJlNCil,K)*iUUUULCHUkAIHUIK )i^Wtii)*tlAU/2«Ui 
OF IAED={ START/2.0)*! ( I. 0»GR OW)**(J>N) )» U { D0DECI-D6ATHD1K) 

IF (ICCNT .E«. 1) CCPAY(I,J)=0CCNT 

. IF (IPART 



• EU. 1) DOPAY(I,J) 



AMINliOCONT,DFIXeD» 



IF llPAKI 

22 CONTINUE 
-"TiTTJJKTTISUE" 



.bU. 1 .ANU. UUPAVH,Ji .kU. UCUNU JHARKCI,J)^i 



ERIC 



c 

T' 
C 

X" 

c 

X' 

c 



—TF TUrCY CDNT 1 N6ENT •p1?t:GKAH , HUST ADJUSl SCntOULE FOR AL(. 

DECILES WHICH EXERCISE THE OPT-OUT F EATURE j TO gO THIS WE CALL CASH 
FLOW SUbKUUUNE lEN liHbS (AiSUHiNO WUHeeH UP CflTEbORIgA 



L b I, USING TMB 
J THEN THE OPT-OUT YEAR WILL BE THE 



OPT-OUT RATE AS THE REUUIREO RETURN , ■- . .., nurnn.viii.MT nT 

AN INTEREST RATE EttUAt TO THE OPT-OUT RATE ) 



Vf ricuNT .NE. I) GD~rc sr 

00 VO M=if2 

Xf i UO'O eC . EO . Q ' . AKiO M ' .'£Q ; ' 27~ GG"" TO 51 

UP 50 I = I,10t:C 

i»- IM .hU. <J .AND. 1 VtUi lib lii «iO 



— 



C NJfEU LONSIDtK ONLY ONh DECILE UNOeft FIXED ftEPAYMENT PROGRAM SINCE ALL 
^...-.9^^^^]:^ .^.^^^ uWUAL INCOMES AND THUS EUOlVALENT REPAYMENT SCHEDULES 



DO 2J J=lf4C — 



kEPAYi JJ=0.0 

"23 CCNTITOt ~ 

00 25 J=l,LAST 

irc"A"hiTrn='D .o - - 

IF <M .EQ. 1) KEPA Yt J)=GRDPAY(I ,JJ 
(H .cU. 2) khHAVIJ)= DUHAYli,J) 



23 CONFINUE 

lF'T«~^'a. li>"G'0~ta I'BC 

DO iOOi MMM=I,GROYk 

worT:ira7«Kmrj=LT*WKi^^ — 
GO TO lai 
IHO tUNhlNUb ■ — " ' ' 



00 179 MMM=l., DGYR 
TWXO"Ar^^HHHTSL"CA NYR*T3DDEr* «TT 
181 CONTINUE 



> c note that send opt/out rate instead of interest rate 

;t ■ — • 



CALL CSHFLO(R£PAY,YRPAY,GRAC£,OPRATE,LaAN,lNTOUEf PRINPOfOSDEBTf 

~ l'~nCFi:OrtTGRDYRT ■ " ~ ■ — 

C 



C 



IF IH .bU. iJ GKUUPt 1I=LASI 

IF (M .EQ. 21 0O0P(n=LAST 
0FYFARTTJ = 
L=CPYEAR(n 



C IF PUSITIVfc ENDING BALANCE i NO OVERPAYMENT AND THUS NO QPTING-OUT 

X : ■ • — — • : — 

IF lOSDEBT(LAST) .GE. C.OJ GO- TQ 41 



C FIN D THE LAST YEAR OF REPAYMENT WITH A POSITIVE ENDING BALANCE, 

xrwnTTO--wr-"wnn:- OCCU R i h t he nex t — -- 
c 

LASi1=LaSI-1 = '■ 



DO 30 J=2,LAST1 
"K=rAST-"J 



IF {OSDEBTiK) .GE. 0.01 GO TO 35 

~30 ci3nT mo€ 

35 CONTINUE 
OP Y EAR { 1 i "K*l-bKDy R^GRACE 



L = K+1 



C AD JUST PAYMENT REQUIRED IN THE CPT-CUT YEAR 



J 



IF (M .EU.l) GkOPAYi I,L)=CS068T(K)*U.*0PRATE) 
IF (M .EQ.2I — OOP A Y ( 1 , L I > OS Be &T IK ) * (1 . 1 0"R AT e i 

L1=L*1 



c NO PAYMENTS MADE AFTER CPT-OUT YEAR 



" DU 4a f<"=L l tLAbT 

IF j M fctj . 2 ) ■ OOP A Y C I ♦ N i = 0 . 0 

40 CONTINUE ^ 

IF (M .EW. 1) ORDCP ( n =CF VFARTTT 
IF tM ^£W. H CUuHm = OPYEAR(j I 

41 "CONT INUE 

;)0 CONT INUE _ 

90 "CONTINUE 

DO 93 I =2 1 1 DEC 

• DGOP(n=DOOPC I) 

00 93 JfiiLAST _ „ „_ 
OOPAYntJJ^OOPAYdt J) " " 

93^ CONTINUE „ 

51 CONTINUE " ^ " 

C „__„_^_^ 

C CALCULATE TOTAL tGKADUATES ♦ OROPOUTS) KtPAYMtNlb 

DO J=l,'»0 " ' " " " 

REPAYtJ) = 0.0 _ 

UO 55 Ts^l t l CVC 

REPAYt J)=KEPAY( J)-^GKOPAYt I ,J)»OCPAY(I ,J) 

55 CONTINUE 

C • ^ _ 

DETERmM AGmEGAl E TCTAL LOANS A"KD TDT;AL R-EFaYHENTT-H A CF 

C " _ „ 

r~XSS^CME~NO DEATHS IN tCRRCW rNG^PFfTrOtT 

C ■ 

00 t.5 i = i,GKDYK 

65 LOANM I=LCANYR*GRDDEC*Sk 



i^--roooErT6(jT ojnscr-Tc tr 

DO 66 I=ltOOYR 





■-6¥TnffFjm=lti7\'N^ Il+CCXF^ " " ■ 
67 CONTINUE 


c 


CALL CbFJ-Lu. lkbPAYtVKHAY,GKACh, iNKAIEtLUANtlNTuutfHKlNPDfuiucbT, 
I CFLOk»tGRDYR) 


c 

c 


rUT OFF riERATIVTE "PRCCESS TOR THIS FRDBLfcH AH bK 60 ATT6MPTS Tu FlNu 
AN APPROPRIATE VALUE FOR THE PARAMETER BEING SOLVED FOR 1 


c 


^u^•=^u^'.♦l 

fp fNUM .GT.' dUT G'O Tir"9r9 ' ' ■ 
IFihUH.NE.l) GO TO 302 


T 
c 


INITIALIZE ITERATIVE VARIABLES C SIN,SST,STAU SAVE INITIAL VALUES OF ALL 


c 
c 


PAkAHETEKS wHlcH CAN BE SuLvbD HUKl 




srNin=IN^t6, 
SST(l)=START 


STfiiJirr=T7str 

SIN(2)=0. 




SJAU12J=U. 
SST(2)=0. 

-STfVE^SUEBTlLASTT ' ^ " 

302 CCNTINUE 


rF"CRUH;LT.2i GU lU 3UJ 

SIN(2)»SINiU 


!>lNtl» = lNRAit 
StAU(2l=STAU( I) 



si3Rni:r-Tmr 
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ERiC 



c 
c 



. _ S'S7jJLJ_=START 
" " rf ( I'STOP ,BQ, I) GO"TC 200 



C 
L 
C 
C 



IS CUkKENi OUISTANUIKG Dhbl SUFfiUl hMLV lUU lU IfcKHiNAlk ilbRAUVk 
PROCESS i — I.E. HAVt W£ GOTTEN CLOSE ENUUGH TO THE VALUE OF THE 
PARAMETER bEiNt SCLVID FOR ? " ^ " 



rr ( AB'srrcsoEBTi cast j r .ce , xdnvgtj gu to' zuo 

IFlICONT.tU.ii iPriTAU) 9lt70t9I 



IP ilPART .bU. 1 .A NU. i l AU .b(J. i) GU lU 

IF (IPAKT .AND. ICOUP .£Q. i) 60 TO 80 

IT t IF iXEU .eg. l TaW." TCD'OP TEG. 2)~G^0 Tonnr" 

IF tiFlXfcO .EQ. tJ GO TO 80 

WRITE ib,9b3i iNRATEfCSOEBTILASTJ 

— HER=i — • — : ■■ 

_GO^TG_^0l 

80 CONTi'NuE "^'^^ ^ 

WRITE (6,^943) STARTtOSDEbTCLASTJ 

I?fER=2"r~" 



GO TO 401- 

91 LOW I INJb • 

WftlTE (bf90Ui JNUMfTAUf GSOEBTILAST) 

401 CONTINUE 



c — 

C 



DEPENDING ON hHAT I 5. BEING SOLVED FOR C RAT E-CF-RE TURN t STARTING PAYMENT. 



t 

C 


OK I AX kAlb i WILL HAVE l U CALL UNLK SLl WrLI DlFPeRENILf 






z 
c 


ARGUMENTS SENT TO FINCR 






c 

L 


1. OUTSTANDING DEBT LAST ITERATION 







4. ARRAY hITH VALUES OF PARAMETER IThlS ITERATION AND LAST ITERATION I 



C 

C" 

c 
c 
c 

X- 
c 

x~ 
c 

X" 

c 

TT 

c 

X 

"C 

X- 
c 

x~ 
c 
c 
c 



2. OUTSTANDING DEBT THIS ITERATION 



3, THIS ITERATION'S VALUE CF PARAMETER BEING SCLVED FOR 



5. INUICATOR TO SIuMFY WHETHER NEXT ITERATION'S VALUE OF PARAMETER 

- HH^HbR OR- LOW E R TWATrTTy-y/l 

. g^-^T"SOi:T l NG TO R^ATt=^OF-RETURW, POS IT I V E OU TSTA NOtfJG' 

(TOO MUCH PAID INI IMPLIES INTEREST RATE SHOULD BE LOWERED 
■ <INCR=2> ■ ; : r 

g--^"3j|-y^-pQ^ PAlfHENT AND O U T S T ANDING —- 
DEBT r< POSITIVE f TOO MUCH PAID IN) SHOULD REDUCE AMOUNT 
R^I>ytO-6Y"RE€0iC1Wg"fA U OR T«6 S T A R TING PAYMeWT nWCR«l "r ^ 

HAVE FUUND APPROPRIATE VALUE FOR PARAMETER. BEING SOLVED FOR ; PRINT ' 
HEADINGS AND"TFfEir^THE-CASTT*tT.-tlir-SWEtr-F1*t3ir- 



' — TNCR*T~ " — — 

iFilTfcR .Ew» IJINCR*! 

IF UTEK .EQ. I .AND. 0SD6Bt<LASTI .GT. O.OJ I N CR-2 

IF (ITER .NE. 1 .AND. CSDEBTCLASTl .GT, 0,01 INCR«i 



^^^Tcj^£g^)STAR^FlNCKr^AVE|^^ 



JUtlilTEfs .E.Q. 3)TAu =FiNCl< (SAVEi OSDEBT (LASTliXAU .xiTAU -i-JNCBl . _. 
S A V E =0 SD E b T { LAST V ^ 22 

GO TO 21 _ .... - — ~- " 



200 (6,^bi) XGftCJ>^, start, YRPAY, grace, BORR,LCANYft, 

lF(lCCM.fc(-.UKRIT4: ib^^Qlil GP, REQRT, Y kP AY , GRACE, BQftR,_L OANYRJAU 
"-■ i.FH.pAKT.bg.UwRrTvE (6,S»50) XGROU, STAKT ,YRPAY, GRACE ,BCRR,LOANYR, 

I TAU ,kkUR1--^p=^^ - . -- ^ 

992 FD><MATt' ADVERSE SLLECTIUN PARTICIPATION BY FRACTIONS^OF DECILE (A 
XSCENUiNG) : • , luFb.3/J ^ 



wR I T E <6,9h!3) 
DO 260 ' I= i, LAST 
lYEAR =1970+UPINC ; I 



^Yl: 1 6,903} i YE AFT — VLQAlvilT) ,REPAVTlTVC"5I5EBTnT^T]m3^ i 

• I pKINPD( UtCFLQWd) 

260 CONTINUE 



C 
C 



""FrTnT ' WT-Uuf ~Y EARS i f WORK TNG WTTH " FuL LY COTTTITrGrENT PROGRATT 



■TF'TI^unT .'EU.T) write T6,90'2i TGRDOTTTnT^TTnyKT" 

IF IICUNI .bQ. I) WRITE (6,906) 000P( II 

If tlf IxED-ty.li CG TC iOL 



C 
C 



C 
C 



"eOi=rFUTE~'AND"Ml^^^^ CASH' FLOWS FOR ACL DECILES Tff-oeme0'"T~UPnrDr THT^ 
POINT HAVE COMPUTED ONLY AGGREGATE CASH FL OWS - EXCEPT IN COMPUTING 

-1q1R^ T"T E AK Sni^'FOt^^ 



IF (PI^FUbC .Nt. 0) GU lU- iUl 
DO 300 1=1, 1 DEC 
"XnC'ToOi "FiMM^ , GFTDVR 
1003 LOAN (MMM) =LOANYR*GRDDECfW ( I ) 

00 311 MMM=1,DCYR 



an LOAMHMH)=LUAN( HHH)»LUANYk*UUUfa(;*H( li 
312 DO 310 J=l,LAST 

— SFp'mj)=GRD^pAYrr, ji+DXPAvri, JT ~" 

310 CONTINUE 

-^T-XAIT ~CSWLCT15i E FAy,Yl*W , GiFr«r,TNR7n-r, LUAN, IN I UUt, 
1 CFLOW,GROYRI , 



IF ( ICGNT .£U. li WRITE (6,905) OP,REURT,Y RPAY,GRACE,bQRR,LOANYR, 



" 1 TAU 

IF ( IPART .Eg. 1) W RITE ( 6,950) XGROW , START , YRPAY , GRA CE ,BORR, 
~"rX(rANTTi~,T"AD"iT:E13Tn 

'IF (IFIXED .EQ. 1) WRITE (6,951) XGROW, START , YRPAY, GRACE, BOKR, 
I LOANYK,kkUKl '■ 

IF(IADV) PRINT 993, W(I) 

WRITE (0,945) 

I Y EAR«197C<-UPI N C»N 
WK'lIb 16,903) I YEAR 
I PRINPD(N) ,CFLGW(N) 



,LUAN(N).,KbHAYlN) ,OSUbbMN) ,1N 1 UUE(N) , 



IF PRINTING CASH FLOWS FOR PARTIALLY CONTINGENT PROGRAM, MARK HERE ANY 
TETHTiiFirRT^rDNTrNGFWtY-CyEKC I SE OC C U RKEtr CGRAD S Y MBOL « *, DROPOUT SYMBOL 

C = 



ERIC 



IF (IPART .EQ. 1 .ANC« IMARK(I,N) .EQ. U WRITE (6,94B) 

-i^ilwsKT~:vsrrr-T m D, . j mar k < i t w- vtsrr ii-wRiTe«6,94^~ 



300 Cunt i Nut 

301 WKITt ib,9hoi 



... -123=. 



ICUUP = 1 IMPLIES THAT HAVE JUST SoLVEO FOk STARTING PAYMENT IN PAKTIALLY 
CuNilNu^NI ^kU0K.M. WAM NUW lb t UH^Uib tUUHU. KM 



STA^nr A brT SeTi THE RtPAVMENT SCHEDULE - 

ThU? S£T ALL ^AHAmTEH S TU [)0 THIS AND BRANCft" BACK TO BEGIN ITERATION 

PROCESS AGAIN ... _ .. 

in I'CbW .Nt. U GO TC 919 

NUM=0 . 



IC0UP=2 

1PART=0 

rFIXED = I 

GO TO 21 
faW TORTi^ AT"( 5 F 10 . 0 ) 
bOl FGf^MAT (81-iU.O) 



V02 FORMAT CO', 'OPT-OUT YEARS I BY OfcCILE OF MD • • S , STARTING WITH THE 



"1 LOwESir : » ,10(127^-' r,» .• 1 



( 



, UiF16.2iF l6.2i4(2XiFlo.2f2X)) 
1 



t 12) 

, ' U ' tSIX, 



90i FORMAT . 

-904" FDRI^ AT ~l ' 1 • , 1 5 , / , ' » i"^ 0^1 10Fr2 ."2 , / 1 ) 
906 FORMAT ( • 0* , • OPT-Oul YEARS (FCR ORJPOUTS) i ' 
90b FORHAI i'l»,blX, 'FULLY LUNllNGfaNI PKUGRAH',/, ^^^..^k, 
1 'CPl-OUT RATE = •,F6.2,' f ,/, 52X, 'REQUIRED RATE OFRETURN = 
"2 F"<>.2'T« "*» f /ilJ^X, 'RE PAYMENT PERrOD = • ,12V' Y^AKS^,-/ ,52X", 
3 'GRACE PEklUO = ',12,' YEARS ',/ .b 2X ,' TOTAL # CF BORROWERS = 

4-'j:-6-,-0-7V52X t"' '^tJAN PERn?EAR- ="i »",Fr,Z",7,5?X,^ 

b 'REPAYMENT TAX RATE = 'fFll.9) 




b , IX. FU.'^,/,32X, 'INTEREST RATE = ' ,F 7.4, '.^t' ) 




b F7.4,'*' ) 



t ' ', ' SIARI = 



« ,HU.b, 



Uhd r = ' ,H2.2i 



"943 FUKHAl 

944 FORMAT CO', 'DECILE # ',12) 

"9« "RrR«AT rnj' ,"'XASH FLCW table UNTER -AB0VrTiy5UWPTT0N5-l"»Tr, 



',4wH'-'),//,'0' ,'YEAR',BX,'NEW LOANS' , I X, 'CUR RENT REPAYMENTS' 



-2" 2-X7»0OTSTANDTNG T3EBTTToXn-11^TEKESrTJtJE^^^^^^^ 

3 bX,'CASh FLOW',/,' ' ,4('-').8X,9('-'),iX,18(«-')f2X, I6C'-' ),6X, 



b 



12^ ' ^ ' ),6X,14t ' - ' J ,BX,9t ' - ' l ^ » 1 ' , 12A , ' (* )' fl3X, 



' ($)',17X, 



•($)• ,lbX, '(*) 



', 17X, •{*) ',/) 



• , • RETURN a F W, 8 , ' 



DEBT = SFtZi^t 



g4¥"F0RH A T" I »> » TSaXT^'^T 
949 FORMAT 

960 FORMAT ( • I ' I • CUNT INGENCY EXERCI SED BY DROPOUTS' ,/ ,'0', 
4UHC( 12, IX),/)) 

96-^ 



FORMAT (•-•,'» IMPLIES CONTINGENCY OPTION EXERCISED BY GRAOUATES»,_ 



- n •/-, '» » , *#- lMPt"1« -Ct3NTlNGeNCir- E-XEHtlSED -8Y--W«PfWTt^ 



ERIC 



999 CONTINUE 

V8*rSTtrP — 

94o FORMAT (• i' ) 



-t-t«- 



OeClte PARTICIPATING ' IN PROGRAM * ♦ TO* > »- 



FORMAi , Tib, TRACT 10! 



R^AL LC.ANYR,INRATE»L0AN(4U),INTDUE(40) 
INTtGEK ykPAY,GkACfct.ENbPAY,GkOYR 
_ DIMENSION RbPAYUO),PkJNPD{'»0)tCFLO».(<»0) ,OSDE6T{40J 

ENDPAY=GRDYk+GkACE+'YRPAY ^ ' " ~ — -i2i 

C BOkPUW AT dEG INNING Of YEAR 

C REPAY AT ENU Of- YEAR (EFFECTIVELY INCKEAST NG GRAC£ PgRldD bV ONig YEAft) 

fNtbUE(n=LGAN(T)*TNRATE ' 

PRlNPDa)=kEPAY{n-INTOUE(U 

CFLOWC r) = RtP"AY( U-LCANn")-INTDU^^ 

OSDEbT m=LLANm»INTDUE(l) . 

UO l30 l=2fENDPAY — 

TUTLUN=0.0. 

"fafppD=6.u ■ — 

_ _ UO iHij J=l,l _ 

■ T"OTLCN=TofLU>l+LUAN"( J^)^ " 

iF4J .£C. i) GO TO 140 

TOTPPD=TOTPHD+PRINPDi J) — 

140 CONTINUE 

INTDUt ( U = ( TOTLCN-TCtPPO)*! NRAT E 

PRINPOi n=kL-PAY( n-INTDOE( I) 

OSOEai ( 1 ) =OSO£bT ( l-nVLCfiNTD -PR INP Z{ T) 

CFLOw( U=kEPA Y4 Il-LCANm-INTUUE(n 

IbO CONtlNUfe 

RETURN 

;■" END ~ ■ ^ ^ 

FUNCflCiNlFINCRl (S.Q.F.PI.Jl 

OlfENSlCN PI(2) 

S2-AbS(Pni)-Pl (2) ) 

iil=AtJS(C-S) 

_ _IF<S ,EQ. 0) GO TO 4 . 

i'Fcpirn/eaToTrwTO""4 " 

Fl=(Si^Sl )*AbS(u) 

GO To' 5 

4 F1=.0!>*F - 

b GU to ,J 

1 FINCR=F+Fl 

'G'O-T'3 3 - ^ - 

2 FINCR=F-Fl 

j-ft-e7URfj~ - 

END 
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